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PREFACE 


THE  following  eflay  is  fo  fhort,  that 
there  is  no  occalion  for  a  long 
preface  to  introduce  it  to  the  reader's 
notice.  One  of  the  principal  ends  of  it  is 
to  do  away  a  general  prejudice  in  favour 
of  fpeclacles,  namely,  that  they  a6r.  as 
prefervers  ;  a  prejudice  which  has  caufed 
numbers  to  ufc  glafles,  before  they  could 
be  of  any  effential  fervice ;  who  thereby 
force  their  eyes  into  an  unnatural  flate, 
and  bring  on  a  very  unpleafant  habit.  To 
remedy  this  evil,  the  marks  are  diftin&Iy 
pointed  out,  which  determine  when  the 
ufe  of  glafl'es  will  be  ferviceable  to  the  eye. 
By  an  attention  to  the  rules  here  laid  down, 
they  will  be  taught  neither  to  anticipate 
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evil,  by  a  premature  ufe  of  fpe&acles ;  nor, 
by  too  long  a  delay,  to  drain  and  injure 
their  fight. 

A  fecond  end  was,  to  diffufe  more 
generally  a  knowledge  of  the  fubjecl  among 
the  venders  of  this  article,  particularly 
thofe  who  live  in  the  country;  and  this 
Avas  the  more  necefTary,  as  numerous  in- 
stances are  continually  occurring  to  every 
optician,  of  thofe  whofe  fight  has  been 
injured  by  an  improper  choice  of  fpeftacles. 

The  nature  of  the  effay  has  given  me  an 
opportunity  of  pointing  out  rules  for  the 
prefervation  of  the  fight,  and  avoiding 
what  may  be  hurtful  to  it.  Among  the 
latter,  the  two  principal  articles  are,  the 
ule  of  reading- glalfes,  and  opake  fhades  to 
candles ;  both  of  which,  I  have  reafon  to 
think,  are  extremely  prejudicial  to  the 
eyes. 

As  this  efTay  may  probably  fall  into  the 
hands  of  thofe  who  may  have  no  oppor- 
tunity of  confulting  more  fcientific  works, 
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I  have  concluded  it  with  an  account  of 
fquinting,  the  proper  methods  of  afcertain- 
ing  the  nature  of  it,  and  the  belt  known 
remedies  for  it. 

I  have  here  to  retracl  an  error,  into 
which,  in  common  with  moft  late  anato- 
mifts,  I  have  fallen,  with  refpect  to  the 
ftru&ure  of  the  iris,  and  the  fituation  of 
the  cryftalline,  which  I  fhould  have 
avoided,  had  the  "  Tranfaclions  of  the 
Royal  Irifh  Academy,  "  for  the  year  1788, 
fallen  fooner  into  my  hands.  It  is  there 
{hewn,  by  Mr.  O'Halloran,  that  the  iris  is 
not  flat,  but  very  convex,  and  that  the 
infide  of  the  iris  adheres  clofely  to  the 
anterior  part  of  the  vitreous  humour,  ex- 
cept where  it  opens  for  the  lodgment  of 
the  cryftalline,  and  confequently  that  there 
is  no  pofterior  chamber  for  the  aqueous 
humour.  For  a  fuller  account,  I  muft 
refer  the  reader  to  the  author's  paper. 

I  have  fubjoined  a  lift  of  the  authors,  to 
whom  I  am  indebted  for  my  information 
.  on  the  fubje&s  of  this  eflay. 

Ayfcough. 
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T  T  is  propofed  in  this  effay  to  inftruct  thofe 
JL  whofe  eyes  are  beginning  to  fail,  how  to 
form  a  right  judgment  of  the  ftate  of  their  fight, 
and  of  the  means  of  preferving  it ;  how  to  de- 
termine when  the  ufe  of  fpectacles  is  necefTary, 
and  fo  to  ufe  them,  that  the  fight  may  neither 
be  injured  by  a  premature  application  of  glaffes, 
nor  ftrained  for  want  of  proper  affiftance. 

But  in  order  to  enable  the  reader  to  judge  for 
himfclf,  and  know  how  to  chufe  his  fpeclacles, 
when  a  choice  becomes  necefiary,  it  will  be 
proper  firft  to  explain  the  ftructure  of  the  eye, 
and  the  means  by  which  vifion  is  performed ; 
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for  by  undcrftanding  the  principles  on  which  the 
operations  of  this  wonderful  organ  depend,  he 
will  learn  how  it  may  be  impaired,  and  by  what 
affifled.  It  is  alfo  prefumed,  that  it  can  be  no 
unpkafing  fpecularion  to  obtain  an  idea  of  the 
fecret  mechanifm  by  which  the  eye  communicates 
fo  many  diverfified  and  animated  perceptions  to 
the  foul,  and  by  which  we  are  enabled  to  dis- 
cover, with  fo  much  eafe  and  rapidity,  every 
furrounding  object. 

In  the  ftructure  of  the  eye  we  find  the  mod 
evident  manife  flat  ions  of  exquifite  art  and  defign, 
every  part  elegantly  framed,  nicely  adjufted,  and 
commodioufly  placed,  to  anfwer  in  the  mod  per- 
fect manner  every  poffible  good  purpofe,  and 
thus  evince  that  it  is  the  work  of  unerring  wif- 
dom,  prompted  to  action  by  infinite  love. 

So  manifold  are  the  bleffmgs  we  derive  from 
this  organ,  that  the  human  mind  feems  almoft 
inadequate  to  the  conception,  and  it's  pen  to  the 
defcription  of  them.  While  it  forms  our  ideas 
of  magnitude  and  diflance,  it  annihilates  fpace, 
by  placing  the  neareft  and  moft  diftant  objects 
clofe  together.  To  it  we  are  indebted  for  the 
delightful  fenfations  that  arife  from  the  propor- 
tion and  variety  of  forms,  the  harmonious  mix- 
ture 
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ture  of  colours,  and  the  graces  of  beauty.  It 
enables  us  to  feek,  to  fee,  and  to  chufeour  food  ; 
to  go  here  and  there,  as  the  calls  of  friendmip,  or 
the  cccafions  of  bufinefs,  require ;  to  traverfe 
the  ocean,  ranfack  the  bowels  of  the  earth,  vint 
diftant  regions,  accumulate  wealth,  and  multiply 
knowledge.  Aflifted  by  it,  we  become  ac- 
quainted with  the  works  of  the  Creator,  and  can 
trace  his  wifdom,  his  power,  and  his  goodnefs, 
in  the  texture  of  plants,  the  mechanifm  of 
animals,  and  the  glories  of  the  heavens. 

The  value  of  this  fenfe  is  heightened,  when 
we  confider  the  miferies  attendant  on  the  want 
of  it;  for  among  the  numerous  evils  that  affli£t 
the  human  race,  there  is  none  more  juftly  dreaded, 
nor  more  deeply  deplored,  than  a  deprivation  of 
light.  It  is  to  have  one  of  the  chief  inlets  of  hap- 
pinefs  cut  off,  to  be  (hut  up  in  perpetual  dark- 
nefs,  to  labour  under  ten  thoufand  inconve- 
niences, and  to  be  expofed  to  continual  dangers. 
How  poignantly  this  lofs  was  felt  by  our  great 
poet,  is  painfully  evident  from  his  own  words : 

"  With  the  year 
Seafons  return  ;  but  not  to  me  returns 
Day,  or  the  fweet  approach  of  ev'n  or  morn, 
Or  fight  of  vernal  bloom,  or  fummer's  rofe, 
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Or  flocks,  or  herd?,  or  human  face  divine  ; 
But  cloud  inftead,  and  ever-during  dark 
Surrounds  me,  from  the  chcaiful  rays  of  men 
Cut  off,  and  for  the  book  of  knowledge  fair, 
Prefented  with  an  univerfal  blank 
Of  nature's  works,  to  me  expung'd  and  raz'd, 
And  wifdom  atone  entrance  quite  {hut  out." 

A  short  Description  or  the  Eye. 

In  defcribing  the  eye,  it  is  natural  to  confidcr, 
firft,  the  external  parts,  then  the  internal,  or 
thofe  which  are  more  immediately  fubfervient  to 
the  purpofes  of  vifion. 

The  eye,  as  is  well  known,  is  fituated  below 
the  forehead ;  it  is  placed  in  a  bony  cavity, 
called  the  orbit;  the  form  is  globular,  it  is  com- 
pofed  of  feveral  coats  and  humours,  and  furnifhed 
with  veffels  properly  adapted  to  it's  various 
functions. 

The  orbit  of  the  eye  is  of  a  conical  fliape, 
but  rather  irregular  in  it's  dimensions  ;  it  is  com- 
pofed  of  feven  bones,  and  lined  with  fat,  which 
forms,  a  foft  bed  for  the  eye  to  reft  on,  and  faci- 
litates it's  various  motions.  A  confiderable  part 
of  the  bottom  of  the  orbit  is  open  for  the  adi. 
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mifljon  and  tranfmiffion  of  the  nerves,  veins, 
and  arteries. 

Thofe  prominent  arches  of  hair,  which  we 
term  the  eyebrows,  defend  the  eyes  from  the 
light  when  it  is  too  ftrong,  and  prevent  their 
being  incommoded  by  any  fubftances  that  might 
Aide  down  the  forehead,  and  thence  fall  into  the 
eyes.  That  the  eyebrows  may  be  more  effectually 
ufeful,  and  form  a  more  perfect  fcreen,  they  are 
furnimed  with  mufcles  to  draw  them  down,  and 
corrugate  them  ;  and  when  we  are  walking  in  a 
dufty  road,  or  when  we  are  expofed  to  a  dazzling 
light,  we  pull  down  the  eyebrows,  and  thereby 
made  the  eye  from  the  glare,  and  protect  it  from 
the  duft.  We  may  gather  from  hence,  that  thofe 
fhades  which  encompafs  the  forehead,  and  that 
project  about  three  inches  from  it,  are  properly 
adapted  to  guard  weak  eyes  from  every  offenfive 
glare  of  light. 

The  prominency  of  the  eyebrows  gives  a  cha- 
racter to  the  face ;  and  hence  Le  Brun,  in  his 
directions  to  a  painter,  with  regard  to  the  paflions, 
places  in  them  the  principal  force  of  expreffion. 
The  eyebrows  form  a  deep  made  On  the  canvas, 
which  relieves  the  other  colours  and  features.  A 
depreffion  of  the  eyebrow  is  an  indication  of  con- 

A  3  cern 


6 


ESSAY    ON  VISION. 


cern  and  grief;  whilft  an  elevation  thereof  fhews 
that  the  mind  is  either  affected  with  joy,  or  en- 
joying the  ferene  delights  of  tranquillity. 

The  eyelids,  like  two  fubftantial  curtains, 
protect  and  cover  the  eyes  while  we  fleep  ;  when 
we  are  awake,  they  diffufe,  by  their  motion,  a 
fluid  over  the  eye,  which  cleans  and  polifhes  it, 
and  thus  renders  it  fitter  for  tranfmitting  the  rays 
of  light. 

Each  eye  is  furniftied  with  two  lids,  the  one 
fupcrior,  the  other  inferior,  joining  at  the  two 
extremities,  which  are  called  canthi,  or  angles. 
Both  eyelids  are  lined  with  a  membrane,  which 
alfo  infolds  as  much  of  the  globe  of  the  eye  as  is 
called  the  white,  and  it  prevents  any  duff,  or 
other  extraneous  particles,  from  getting  behind 
the  eye  into  the  orbit. 

That  the  eyelids  may  fhut  with  greater  exact- 
nefs,  and  not  fall  into  wrinkles  when  they  are 
elevated  or  depreffed,  each  edge  is  ftiffened  by  a 
cartilaginous  arch.  The  eyelalhes,  like  two 
pali fades  of  more  hair,  proceed  from  thefe  carti- 
laginous edges,  warning  the  eye  of  danger,  pro- 
tecting it  from  ftraggling  motes,  and  warding  off 
the  wandering  fly.  They  alfo  intercept  many 
rays  proceeding  from  objects  that  are  above  the 
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axis  of  vifion,  and  thereby  render  the  images  of 
other  objects  more  diftinct  and  liv  ely  :  for,  as  in 
the  camera  obfcura>  the  image  is  always  brighfeft 
when  nc  rays  are  allowed  to  enter,  but  thofe 
which  form  the  pidure.  The  eyt  lames  contribute 
their  (hare  in  giving  beauty  to  the  face,  to  foften 
the  outlines  of  the  eyelids,  and  throw  a  mildnefs 
on  the  features. 

t 

Both  the  eyelids  are  moveable ;  but  the  upper 
one  moftly  fo,  the  lower  one  moving  but  little, 
being  rather  obfequious  to  the  motions  of  the 
other  parts,  than  moved  by  any  particular  forces 
of  it's  own.  The  hairs  of  the  eyelafhes  grow  only 
to  a  certain  length,  and  never  need  cutting:  the 
points  of  the  fuperior  one  are  bent  upwards,  thofe 
of  the  lower  eyelafh  downwards.  Thus  when- 
ever we  can  trace  things  to  their  final  caufe,  we 
find  them  always  marked  with  delign,  and  can 
find  no  circumftance  fo  minute,  as  to  efcape  the 
attention  of  the  Supreme  Being. 

From  what  has  been  faid,  we  may  perceive 
why  the  fight  of  thofe,  whofe  eyelafhes  are  black, 
is,  in  general,  much  ftronger  than  thofe  who 
have  them  fair  or  white  ;  the  black  eyelafhes  are 
a  better  fhade  for  the  eye,  and  reflect  no  light 
from  their  inner  fide,  to  weaken  and  efface  the 
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picture  on  the  retina.  Monaltus  gives  an  account 
of  a  young  man,  whofc  eyelafhcs  and  eyebrows 
were  of  an  intenfe  white,  and  his  fight  obfeure 
during  the  day,  but  clear  at  night.  This  perfon 
was  taken  prifoner  by  the  Moors,  who  dyed  his 
eyelafhes  black,  by  which  his  fight  was  much 
ftrengthened  ;  in  courfe  of  time  the  dye  Mas 
warned  off,  and  the  fight  became  weak  again. 
Dr.  Ruffe!!,  in  his  natural  hiftory  of  Aleppo, 
fays,  that  it  is  a  cuftom  among  the  Turkifh 
women  to  black  the  infide  of  their  eyelids,  not 
only  as  an  ornament,  but  as  a  means  of  ftrength- 
ening  the  fight.  When  the  eyelafhes  arc  loft,  a 
fymptom  which  frequently  follows  a  malignant 
fmall-pox,  the  fight  is  always  confiderably  im- 
paired. 

By  fhutting  the  eyelids  partially,  we  can  ex- 
clude as  much  light  as  wepleafe,  and  thus  further 
defend  the  eyes  from  too  ftrong  a  light,  which 
every  one's  experience  proves  to  be  as  injurious  ro 
them,  as  more  grofs  matter.  Numerous  are  the 
melancholy  inflances  on  record,  which  confirm 
this  truth  :  Xenophon  relates,  that  many  of  his 
troops  were  blinded  by  the  ftrong  reflexion  of 
light  from  the  fnow  over  which  they  were  obliged 
to  march.  Dionyfius,  the  tyrant  of  Sicily,  among 
Other  means  which  he  ufed  to  gratify  his  revenge, 
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and  fatiate  the  cruelty  of  his  temper,  was  ac- 
cuftomed  to  bring  forth  his  miferable  captives 
from  the  deep  receffes  of  the  darkeft  dungeons, 
into  white  and  well-lighted  rooms,  that  he  might 
blind  them  by  the  fudden  tranfition  from  one  ex- 
treme to  the  other.  Actuated  by  principles 
equally  cruel,  the  Carthaginians  cut  off  the  eye- 
lids of  Regulus,  and  then  expofed  him  to  the 
bright  rays  of  the  fun,  by  which  he  was  very  foon 
blinded. 

Thefe  facts  make  it  clear  that  a  protuberant 
eye  is  not  fo  well  confrituted  for  virion,  as  one 
that  is  deep  funk  in  the  head  ;  neither  extreme  is 
indeed  defirable,  yet  undoubtedly,  of  the  two, 
that  which  is  deep  fet  is  preferable,  as  affording 
the  cleared:  fight,  and  being  leaft  liable  to  in- 
juries from  external  accidents. 

Thofe  animals  which  have  hard  cruftacebus 
eyes,  as  the  lobfrcr,  crab,  &c.  have  no  eyelids; 
whereas  moft  brute  animals  have  an  additional 
one,  called  the  nictitating  membrane,  which 
they  draw  over  their  eyes  like  a  curtain,  to  wipe 
off  whatever  incommodes  it. 

The  velocity  with  which  the  eyelids  move  to 
and  fro  is  fo  great,  that  it  does  not  in  the  lead 
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impede  the  fight.  This  curious  circumfrance 
may  be  illuftrated  by  the  well-known  pr;a?- 
nomenon  of  a  burning  coal  appearing  like  a  ring 
of  fire,  when  whirled  round  about  with  rapidity, 
in  the  circumference  of  a  circle  :  now  it  is  highly 
probable,  that  the  fenfation  of  the  coal,  in  iac 
feveral  places  of  the  circle,  remains  on  the  mind 
until  it  returns  again  to  the  fame  place, 
therefore,  our  eyelids  take  no  longer  time  topafs 
and  re-pafs  upon  our  eyes,  than  what  the  coal  of 
fire  takes  to  go  round,  the  impreflion  made  by 
any  object  on  the  eye  will  fuffer  np  fenfible  inter- 
ruption from  this  motion. 

To  prevent  the  eyelids  adhering  together,  they 
are  fupplied  with  a  row  of  lebaceous  giandules, 
■which  difcharge  a  foft  liniment,  that  mixes  with, 
and  is  warned  off  with  the  tears. 

The  lachrymal  gland  is  placed  in  the 
upper  and  outer  part  of  the  orbit.  It  is  defigned 
to  furnifh  at  all  times  water  enough  to  keep  the 
outer  furface  of  the  eye  moift,  and  thus  give  the 
cornea  a  greater  degree  of  pellucidity.  Jn  order 
that  this  liquor  may  be  rightly  difpofed  of,  we 
frequently  clofe  the  eyelids  without  being  con- 
fcious  of  it. 


At 
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At  the  inner  corner  of  the  eye,  between  the 
eyelids,  ftands  a  caruncle,  whofe  office  feems  to 
be  to  keep  that  corner  of  the  eye  from  being 
totally  clofed  ;  fo  that  any  tears,  &c.  may  flow 
from  under  the  eyelids  when  we  fleep,  into  the 
puncta  lach r y m alia,  which  are  little  holes, 
one  in  each  e>elid,  near  the  corner,  for  carrying 
into  the  nofe  any  fuperfluous  tears. 

The  eye  is  furnimed  with  fix  mufcles,  which 
fpread  their  tendons  far  into  the  eye  ;  by  thefe  it 
can  be  moved  upwards  and  downwards  to  either 
fide,  and  in  every  intermediate  direction,  and 
thus  view  furrounding  objects  without  moving 
the  head ;  to  facilitate  thefe  morions,  a  great 
quantity  of  loofe  fat  is  placed  all  round  the  globe 
of  the  eye,  between  it  and  the  orbit.  Four  of 
the  mufcles  are  {trait,  and  two  oblique  ;  of  the 
ftrait  mufcles,  two  are  fituated  vertically  oppofite 
one  another,  and  the  other  two  horizontally. 
Each  of  the  fix  has  a  proper  name,  according  to 
it's  fituation  and  office.  I  cannot  pafs  over  the 
mufcles,  without  taking  notice  of  a  ftriking  in- 
ftance  of  defign  in  the  wife  difpolition  of  the 
parts.  It  is  fometimes  necelTary  to  have  an  ob- 
lique motion  of  the  eye,  towards  the  nofe,  and 
there  being  no  room  on  that  fide  for  mufcles,  a 
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fmall  bone  is  placed  on  the  fide  of  the  nofe,  with 
a  hole  in  it,  to  ferve  as  a  pulley,  through  which 
the  tendon  of  a  mufclc  paffes  to  a  convenient  in- 
fertion,  and  thereby  fuch  an  oblique  motion  is 
given  to  the  eye,  as  would  otherwife  have  been 
impoffible. 

The  eyes  are  placed  in  the  moft  eminent  part 
of  the  body,  near  the  brain,  the  feat  of  fenfation. 
From  their  elevated  fituation,  our  profpeclis  en- 
larged, and  the  number  of  obje&s,  taken  in  at 
one  view,  increafed ;  we  command  an  ample 
horizon  on  earth,  and  a  glorious  hemifphcre  of 
the  heavens. 

Every  part  of  the  human  frame  affords  indif- 
putable  proofs  of  the  wifdom  and  beneficence  of 
it's  Creator,  becaufe  all  are  adapted  to  anfwer  in 
the  beft  manner  the  end  for  which  they  were 
formed.  Thus  the  globular  figure  of  the  eye  is 
the  moft  commodious  that  we  can  form  any  idea 
of,  the  beft  adapted  for  facilitating  the  various 
motions  of  the  eye,  for  containing  the  humours 
within,  and  receiving  the  images  from  without. 

Many  are  the  advantages  that  are  derived  from 
our  having  two  eyes,  fome  that  are  known,  others 
that  are  unknown  ;  for  the  correfpondence  of  the 
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double  parts  in  the  human  frame,  and  their  rela- 
tion to  the  two  great  faculties  of  the  humaa 
mind,  has  not  been  fufficiently  attended  to  by 
anatomifts.  By  having  two  eyes,  the  fight  is 
rendered  ftronger,  and  the  viiion  more  perfect ; 
For  as  each  eye  looks  upon  the  fame  object,  a 
mere  foicible  impreffion  is  made,  and  a  livelier 
conception  formed  by  the  mind. 

The  eyes  together  view  an  object  in  a  different 
lituation  from  what  either  of  them  apart  would 
do,  and  enable  us  to  perceive  fmall  diftances 
accurately.  Hence  we  find,  that  thofe  who  have 
loft  the  light  of  one  eye,  are  apt  to  make  miftakes 
in  the  diftances  of  objects,  even  within  arm's 
length;  that  are  cafily  avoided  by  thofe  who  fee 
with  both  eyes.  Such  miftakes  are  principally 
feen  in  fnuffing  a  candle,  tl  -cading  a  needle,  or 
in  filling  a  tea-cup.  This  aptnefs  to  misjudge 
diftances  and  fituations  is,  however,  gradually 
dimimmcd  by  time  and  practice. 

hen  an  object  is  placed  at  a  moderate 
diftancc,  we  fee  more  of  it  by  means  of  the  two 
ey  .  than  we  poftibly  could  with  one  ;  the  right 
eye  feeing  more  of  the  right  fide,  and  the  left  eye 
more  of  it's  correfponding  fide.  Thus  by  both 
eyes  we  fee  in  fome  meafure  round  an  object : 

and 
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and  it  is  this  which  affifls  in  giving  that  bold 
relievo,  which  we  fee  in  nature,  and  which  no 
painting  how  exquilite  foever,  can  attain  to. 
The  painter  muft  be  contented  with  fhading  on  a 
flat  fumce  ;  but  the  eyes,  in  obferving  natural 
objects,  perceive  not  only  the  lhading,  but  a 
part  of  the  figure  that  lies  behind  thofe  very 
fhadings.  The  perception  we  have  of  diflance 
with  one  eye,  as  was  juft  now  obferved,  is  more 
uncertain,  and  more  liable  to  deception,  than 
that  which  we  have  by  both ;  therefore,  if  the 
fhading  and  relief  be  executed  in  the  beft  manner, 
the  picture  may  have  almoft  the  fame  appearance 
to  one  eye  as  the  objects  themfelves  would  have, 
but  it  cannot  have  the  fame  appearance  to  both. 
This  is  not  the  fault  of  the  artiff,  but  an  imper- 
fection in  the  art.  To  remove  thefe  defects,  the 
connoiffeurs  in  painting  look  at  a  picture  with  one 
eye  through  a  tube,  which  excludes  the  view  of  all 
other  objects.  If  the  aperture  in  the  tube  next 
the  eye  be  fmall,  we  have  no  means  left  to  judge 
of  the  diftance  but  the  light  and  colour,  which, 
are  in  the  painter's  power.* 

An  object  feen  with  both  eyes,  appears  a  little 
brighter,  or  more  luminous,  than  it  does  when 
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feen  with  one  alone,  as  will  be  evident  by  look- 
ing alternately  with  both  eyes  and  with  one  only  : 
and  the  difference  of  brightnefs  will  be  lull  more 
manifeft,  if  at  the  lame  time  that  a  part  of  a  flat 
object,  of  an  uniform  colour,  is  feen  with  both 
eyes,  the  light  from  the  adjacent  part  is  excluded 
from  one  of  them  ;  which  may  be  done,  by  ap- 
phinga  book  to  one  fide  of  the  head,  fo  that  it 
may  reach  a  little  forwarder  than  the  face.  But 
although  the  difference  of  brightnefs,  in  the  two 
cafes,  is  very  perceptible,  yet  is  it  not  very  con- 
fiderable,  nor  is  iteafy  to  determine  it  accurately. 
Dr.  Jurin,  by  a  variety  of  experiments,  con- 
cluded, that  an  object  feen  with  both  his  eyes, 
appeared  only  one  thirteenth  part  brighter,  than 
when  feen  with  one  alone. 

Our  eyes  have  an  uniform  or  parallel  motion, 
by  which,  when  one  eye  is  turned  to  the  right  or 
left,  upwards  or  downwards,  or  ftrait  forwards, 
the  other  always  goes  along  with  it  in  the  fame 
direction.  When  both  eyes  are  open,  we  find 
them  always  turned  the  fame  way,  as  if  both 
were  acted  upon  by  the  fame  motive  force.  This 
phenomenon  is  the  more  fingular,  as  the  muf- 
cles  which  move  the  two  eyes,  and  the  nerves 
which  ferve  thefe  mufcles,  are  entirely  diftincl: 
and  unconnected. 

To 


16 


ESSAY    ON  VISION. 


To  account  for  and  explain  the  caufc  of  this 
motion,  has  puzzled  the  philofophcr,  and  cm- 
barrafl'ed  the  anatomift :  that  it  originates  from 
the  grand  moving  principle,  or  generating  caufe 
within  us,  the  mind,  there  can  be  little  doubt; 
but  how  the  mind  operates,  to  produce  this  effect, 
we  are  altogether  ignorant.  Some  effectual  pur- 
pofes  are  no  doubt  anfvvered  by  this  motion,  for 
nothing  is  created  in  vain.  One  is  fuppofed  to 
be  that  of  feeing  objects  fingle  that  are  viewed 
with  both  eyes }  tor  there  are  two  pictures  formed 
of  every  object,  one  in  each  eye.  Hence,  if 
any  of  the  mufcles  of  one  eye,  either  fromfpafm, 
paralyfis,  or  any  other  caufe,  is  reftrained  from 
following  the  motion  of  the  other,  every  object 
will  be  feen  double.  The  fame  effect  is  produced, 
if  while  we  are  looking  at  any  object,  we  alter  the 
direction  of  one  of  our  eyes,  by  premng  it  afide 
with  the  finger  ,-  an  experiment  frequently  made 
by  children,  who  are  generally  delighted  w  ith  any 
uncommon  appearance. 

Whatever  may  be  the  caufe,  the  fact  is  certain, 
that  the  object  is  not  multiplied  as  well  as  the 
organ,  and  appears  but  one,  though  feen  with 
two  eyes  :  another  inftance  of  the  (kill  of  the 
contriver  of  this  noble  organ,  and  the  exquifite 
art  he  employed  in  the  formation  of  it. 

Having 
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I  laving  confidered  the  principal  external  parts 
of  the  eye,  and  {hewn  that  they  are  framed  to 
protea  this  delicate  organ,  with  a  care  ftrictly 
proportioned  to  it's  curious  texture  and  extenfive 
ufefulnefs,  that  it  is  fortified  with  ftrong  bones, 
lodged  in  a  deep  receptacle,  and  guarded  with  a 
moveable  cover ;  we  now  proceed  to  treat  of  the 
internal  parts,  or  thofe  which  conftitute  the  globe 
of  the  eye. 

Of  the  Globe  of  the  Eye. 

M  If  the  construction  of  the  univerfe  were  not 
fo  evident  a  proof  of  the  exiftence  of  a  fupremely 
wife  and  benevolent  Creator,  as  to  render  par- 
ticular arguments  unneceffary,  the  ftrudture  of 
the  eye  might  be  offered  as  one,  by  no  means 
the  lealt ;  this  inftance,  among  numberlefs  others, 
demonstrating  that  the  belt  performances  of  art 
are  infinitely  fhort  of  thofe  which  are  continually 
produced  by  the  Divine  Mechanic." 

The  globe  of  the  eye,  or  the  organ  of  fight, 
may  be  denned  in  general  as  a  kind  of  cafe,  con- 
filling  of  feveral  coats,  containing  three  pellucid 
humours,  which  are  fo  adjufted,  that  the  rays 
proceeding  from  luminous  objects,  and  admitted 
at  a  hole  in  the  fore  part  of  the  eye,  are  brought 

B  to 


i8 


ESSAY    ON  VISION. 


to  a  focus  upon  the  back  part  of  it,  where  they 
fall  upon  a  foft  pulpy  fubftance,  from  whence 
the  mind  receives  it's  intelligence  of  vifible  ob- 
jects. 

It  is  not  to  be  expected,  that  any  account 
given  of  the  eye  can  be  altogether  accurate ;  for 
as  it  is  impoffible  to  examine  all  the  parts 
of  the  eye  whilft  in  a  natural  and  living 
ftate,  fo  it  is  alfo  nearly  impoflible,  when  it  is 
taken  out  of  it's  focket,  to  preferve  the  figure  of 
the  parts  entire  ;  a  circumftance  which  accounts 
for  the  difagreement  we  find  among  anatomifts. 

Of  the  Coats  of  the  Eye. 

The  eye  is  compofed  externally  of  three  coats, 
or  teguments,  one  covering  the  other,  and  form- 
ing a  ball  perfectly  globular,  except  at  the  fore 
part,  which  is  a  little  more  protuberant  than  the 
reft ;  within  this  ball  are  three  different  fub- 
ftances,  called  humours. 

The  firft,  or  outer  coat,  is  called  the  scle- 
rotica; the  fecond,  or  middle  one,  is  called  the 
choroides;    the  interior  one   is  named  the 
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Sclerotica.  Cornea. 

The  exterior  membrane,  which  inclofes  and 
covers  the  whole  eye,  is  called  the  fclerotica  and 
cornea ;  it  is,  however,  ftrictly  fpeaking,  but 
one  and  the  fame  membrane,  with  different 
names  appropriated  to  different  parts :  the  hinder 
and  opake  part  being  more  generally  denominated 
the  fclerotica,  the  fore  and  tranfparent  part  the 
cornea. 

The  fclerotica  is  hard,  elaftic,  of  a  white 
colour,  refembling  a  kind  of  parchment ;  the 
hinder  part  is  very  thick  and  opake,  but  it  grows 
gradually  thinner  as  it  advances  towards  the  part 
where  the  white  of  the  eye  terminates.  The  fore 
part  is  thinner,  and  tranfparent  j  it  is  alfo  more 
protuberant  and  convex  than  the  reft  of  the  eye, 
appearing  like  a  fegment  of  a  fmall  fphere  applied 
to  a  larger.  This  membrane  is  compofed  of 
feveral  plates,  laid  one  over  the  other,  replenifhed 
with  a  clear  water,  and  pellucid  vefTels ;  thefe 
plates  are  more  evidently  diftinct  in  the  fore  than 
the  hinder  part. 

Choroides.    Uvea.  Iris. 

Under  the  fclerotica  is  a  membrane,  known  by 
the  name  of  the  choroides ;  it  is  a  foft  and  tender 
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coat,  compofed  of  innumerable  veffels ;  it  is  con- 
centric to  the  fclerotica,  and  adheres  clofely  to  it 
by  a  cellular  fubftance,  and  many  veflels.  This 
membrane  is  outwardly  of  a  brown  colour,  but 
inwardly  of  a  more  ruflet  brown,  almoft  black. 
Like  the  fclerotica,  it  is  diftinguifhed  by  two 
different  names,  the  fore  part  being  called  the 
uvea,  while  the  hinder  part  retains  the  name  of 
the  choroides. 

The  fore  part  commences  at  the  place  where 
the  cornea  begins ;  it  here  attaches  itfelf  more 
ftrongly  to  the  fclerotica  by  a  cellular  fubftance, 
forming  a  kind  of  white  narrow  circular  rim  : 
the  choroides  feparates  at  this  place  from  the 
fclerotica,  changes  it's  direction,  turning,  or 
rather  folding,  directly  inwards,  towards  the  axis 
of  the  eye,  cutting  the  eye  as  it  were  tranfverfely  : 
in  the  middle  of  this  part  is  a  round  hole,  called 
the  pupil,  or  fight  of  the  eye. 

This  part,  when  it  has  changed  it's  direction, 
is  no  longer  called  the  choroides;  but  the  anterior 
furface,  which  is  of  different  colours,  in  different 
fubje&s,  is  called  the  iris  ;  the  pofterior  furface 
is  called  the  uvea,  from  the  black  colour  with 
which  it  is  painted.  The  iris  has  a  fmooth  velvet- 
like appearance,  and  feems  to  confift  of  fmali 
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filaments  regularly  difpofed,  and  directed  towards 
the  center  of  the  pupil. 

The  eye  is  denominated  blue,  black,  &c.  ac- 
cording to  the  colour  of  the  iris.  The  more 
general  colours  are  the  hazel  and  the  blue,  and 
very  often  both  thefe  colours  are  found  in  the 
fame  eye.  It  has  been  obferved,  that  in  general 
thofe,  whofe  hair  and  complexion  are  light- 
coloured,  have  the  iris  blue  or  grey  ;  and  on  the 
contrary,  thofe  whofe  hair  and  complexion  are 
dark,  have  the  iris  of  a  deep  brown  :  whether 
this  occafions  any  difference  in  the  fenfe  of  vifion, 
is  not  difcoverable.  Thofe  eyes  which  are  called 
black,  when  narrowly  infpected,  are  only  of  a 
dark  hazel  colour,  appearing  black,  becaufethey 
are  contracted  with  the  white  of  the  eye.  "  The 
black  and  the  blue  are  the  moft  beautiful  colours, 
and  give  moft  fire  and  vivacity  of  expreffion  to  the 
eye.  In  black  eyes  there  is  more  force  and  im- 
petuofity ;  but  the  blue  excel  in  fweetnefs  and 
delicacy." 

The  pupil  of  the  eye  has  no  determinate  fizc, 
being  greater  or  fmaller,  according  to  the  quan- 
tity of  light  that  falls  upon  the  eye.  When  the 
light  is  ftrong,  or  the  vifual  object  too  luminous, 
we  contract  the  pupil,  in  order  to  intercept  a  part 
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of  the  light,  which  would  othcrwife  hurt  or 
dazzle  our  eyes  5  but  when  the  light  is  weak,  we 
enlarge  the  pupil,  that  a  greater  quantity  may 
enter  the  eye,  and  thus  make  a  ftronger  im- 
preflion  upon  it.  This  aperture  dilates  alfo  for 
viewing  diftant  objects,  and  becomes  narrower 
for  fuch  as  are  near.  The  contraction  of  the 
pupil  is  a  ftate  of  violence,  effected  by  an  exertion 
of  the  will :  the  dilatation  is  a  remiffion  of  power, 
or  rather  an  intermifTion  of  volition. 

Anatomifts  are  not  agreed,  whether  the  iris  be 
compofed  of  two  fets  of  fibres,  the  orbicular  and 
radial,  or  of  either.  Haller  fays,  he  could  never 
difcover  the  orbicular  fibres,  even  with  a  mi- 
crofcope ;  the  radial  feem  vifible  to  the  naked 
eye,  and  are  fufficient  to  anfwer  all  the  purpofes 
required  in  the  motion  of  the  iris. 

In  children  this  aperture  is  more  dilated  than 
in  grown  perfons.  In  elderly  people  it  is  ftill 
fmaller  than  in  adults,  and  has  but  little  motion  ; 
hence  it  is,  that  thofe  who  begin  to  want  fpecta- 
cles,  are  obliged  to  hold  the  candle  between  the 
eye  and  the  paper  they  read,  that  the  ftrong  light 
of  the  candle  may  force  their  rigid  pupils  into 
fuch  a  ftate  of  contraction,  as  will  enable  them  to 
fee  diflinctly.    Thofe  who  are  ihort-fighted,have 
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the  pupils  of  their  eyes,  in  general,  very  large; 
whereas  in  thofe  whofe  eyes  areperfedl,  or  long- 
lighted,  they  are  much  fmaller. 

The  whole  of  the  choroides  is  opake,  by  which 
means  no  light  is  allowed  to  enter  into  the  eye, 
but  what  paffes  through  the  pupil.  To  render 
this  opacity  more  perfect,  and  the  chamber  of 
the  eye  ftill  darker,  this  membrane  is  covered  all 
over  with  a  black  mucus,  called  the  pigmentum 
nigrum.  This  pigment  is  thinneft  upon  the  con- 
cave fide  of  the  choroides,  near  the  retina,  and 
on  the  fore  fide  of  the  iris ;  but  is  thickeft  on 
the  exterior  fide  of  the  choroides,  and  the  inner 
fide  of  the  uvea.  The  thicknefs  of  this  pigment 
diminimes  with  age. 

The  circular  edge  of  the  choroides,  at  that 
part  where  it  folds  inwards  to  form  the  uvea, 
feems  to  be  of  a  different  fubftance  from  the  reft 
of  the  membrane,  being  much  harder,  more 
denfe,  and  of  a  white  colour ;  it  has  been  called 
by  fome  writers  the  ciliary  circle,  becaufe  the 
ligamentum  ciliare  (of  which  we  fiiall  foon  fpeak) 
arifes  from  it. 


Retina 
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Retina. 

The  third  and  laft  membrane  of  the  eye  is 
called  the  retina,  becaufe  it  is  fpread  like  a  net 
over  the  bottom  of  the  eye.  It  is  the  thinneft  and 
leaft  folid  of  the  three  coats,  a  fine  expanfion  of 
the  medullary  part  of  the  optic  nerve.  The  con- 
vex fide  of  it  lines  the  choroides,  the  concave 
fide  covers  the  furface  of  the  vitreous  humour, 
terminating  where  the  choroides  folds  inwards. 
It  is  an  eflential  organ  of  vifion  ;  on  it  the  images 
of  objects  are  reprefented,  and  their  pidture 
formed.  This  membrane  is  faid  to  be  quite  black 
in  infants,  not  fo  black  at  the  age  of  twenty,  of  a 
greyifh  colour  about  the  thirtieth  year,  and  in 
very  old  age  almoft  white. 

Optic  Nerve. 

Behind  all  the  coats  is  fituated  the  optic  nerve, 
which  paries  out  of  the  fcull,  through  a  fmall 
hole  in  the  bottom  of  the  orbit  which  contains  the 
eye.  It  enters  the  orbit  a  little  inflected,  of  a 
figure  fomewhat  round,  but  comprefTed,  and  is 
inferted  into  the  globe  of  the  eye,  not  in  the 
middle,  but  a  little  nearer  to  the  nofe  ;  an  artery 
runs  through  the  optic  nerve,  goes  {trait  through 
the  vitreous  humour,  and  fp reads  itfelf  on  the 
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membrane  that  covers  the  backfide  of  the  cryf- 
talline. 

Monf.  Mariotte  has  demon ftrated,  that  our 
eyes  are  infenfible  at  the  place  where  the  optic 
nerve  enters :  if.  therefore,  this  nerve  had  been 
fituated  in  the  optical  axis  of  the  eye  itfelf,  then 
the  middle  part  of  every  object  would  have  been 
invifible,  and  where  all  things  contribute  to  make 
us  fee  beft,  we  Ihould  not  have  feen  at  all ;  but 
they  are  wifely  placed  by  the  divine  artift  for  this 
and  other  advantageous  purpofes,  not  in  the  mid- 
dle, but,  as  we  have  already  obferved,  a  little 
nearer  to  the  nofc. 

Of  the  Humours  of  the  Eye. 

The  coats  of  the  eye,  which  inveft  and  fupport 
each  other,  after  the  manner  of  an  onion,  or 
other  bulbous  root,  include  it's  humours,  by 
which  name  are  underftood  three  fubftances,  the 
one  a  folid,  the  other  a  foft  body,  and  the  third 
truly  a  liquor.  Thefe  fubftances  are  of  fuch 
forms  and  tranfparency,  as  not  only  to  tranfmit 
readily  the  rays  of  light,  but  alfo  to  give  them  the 
pofition.beft  adapted  for  the  purpofes  of  vi (ion. 
They  are  clear  like  water,  and  do  not  tinge  the 
object  with  any  particular  colour. 

«•  Actysoui 


2(5 


E  S  &  A  Y    ON  VISION, 


Aqueous  Humour. 

The  mod  fluid  of  the  three  humours  is  called 
the  aqueous  one  ;  it  is  thin  and  clear  like  water, 
though  fomevvhat  more  fpirituous  and  vifcuous  ; 
it's  quantity  is  fo  considerable,  that  it  fwells  out 
the  fore  part  of  the  eye  into  a  protuberance  very 
favourable  to  virion.  The  uvea  fwims  in  this 
fluid.  It  covers  the  fore  part  of  the  cryftalline ; 
that  part  of  this  humour  which  lies  before  the 
uvea,  communicates  with  that  which  is  behind, 
by  the  hole  which  forms  the  pupil  of  the  eye.  It 
is  included  in  a  membrane,  fo  tender,  that  it 
cannot  be  made  vifible,  nor  preferved,  without 
the  moft  concentrated  lixivial  fluid. 

It  has  not  been  clearly  afecrtained  whence  this 
humour  is  derived  ;  but  it's  fource  mufl:  be  plen- 
tiful :  for  if  the  coat  containing  it  be  fo  wounded, 
that  all  the  humour  runs  out,  and  the  eye  be  kept 
clofed  for  a  feafon,  the  wound  will  heal,  and  the 
fluid  be  recruited. 

The  colour  and  confidence  of  this  humour 
alters  with  age  ;  it  becomes  thicker,  cloudy,  and 
lefs  tranfparent,  as  we  advance  in  years,  which  is 
one  reafon,  among  others,  why  many  elderly 
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people  do  not  reap  all  that  benefit  from  fpe&acles 
which  they  might  naturally  expect. 

CRYSTALLINE. 

The  fecond  humour  of  the  eye  is  the  cryftalline, 
which  is  as  tranfparcnt  as  the  pureft  cryftal ;  and 
though  lefs  in  quantity  than  the  aqueous  humour, 
yet  it  is  of  equal  weight,  being  of  a  more  denfe 
and  folid  nature ;  in  confiftency  it  is  fomewhat 
like  a  hard  jelly,  growing  fofter  from  the  middle 
outwards.  It's  form  is  that  of  a  double  convex 
lens,  of  unequal  convexities,  the  moft  convex 
part  being  received  into  an  equal  concavity  in 
the  vitreous  humour. 

The  cryftalline  is  contained  in  a  kind  of  cafe, 
or  capfule,  the  fore  part  of  w  hich  is  very  thick 
and  elaftic,  the  hinder  part  is  thinner  and  fofter. 
This  capfule  is  fufpended  in  it's  place  by  a  mufcle 
called  ligamentum  ciliare,  which,  together  with, 
the  cryftalline,  divides  the  globe  of  the  eye  into 
two  unequal  portions ;  the  firlt  and  fmaller  one 
contains  the  aqueous  humour,  the  hinder  and 
larger  part  the  vitreous  humour. 

The  cryftalline  is  placed  fo,  that  it's  axis  cor- 
refponds  with  that  of  the  pupil,  and  confequently 

it 
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it  is  not  exactly  in  the  circular  fegment  of  the  eye, 
but  fomewhat  nearer  the  nofe.  It  is  formed  of 
concentric  plates  or  fcales,  fucceeding  each  other, 
and  thefe  f'tales  are  formed  of  fibres  elegantly 
figured,  and  wound  up  in  a  flupendous  manner ; 
thefe'are  connected  by  cellular  fibres,  fo  as  to  form 
a  tender  cellular  texture.  Between  thefe  fcales  is 
a  pellucid  liquor,  which  in  old  age  becomes  of  a 
yellow  colour.  The  innermoft  fcales  lie  clofer 
together,  and  form  at  laft  a  fort  of  nucleus,  harder 
than  the  reft  of  the  lens.  The  cryftalline  has  no 
vifible  communication  witt^  it's  capfule,  fo  that 
when  this  is  opened,  it  readily  flips  out :  fome 
fay,  that  a  fmall  quantity  of  water  is  eft u fed  round 
it.  Leeuwenhoeck  has  computed  that  there  are 
near  two  thoufand  laminae,  or  fcales,  in  one 
cryftalline,  and  that  each  of  thefe  is  made  up  of 
a  fingle  fibre,  or  fine  thread,  running  this  way 
and  that,  in  feveral  courfes,  and  meeting  in  as 
many  centers,  and  yet  not  interfering  with,  or 
eroding  each  other. 

The  yellow  colour  wherewith  the  cryftalline  is 
more  and  more  tinged  as  we  advance  in  years, 
muft  make  all  objects  appear  more  and  more 
tinged  with  that  colour :  nor  does  our  being  in- 
fenfible  of  any  change  in  the  colour  of  objects, 
prove  to  us  that  their  colour  continues  die  fame ; 

for 
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for  jn  order  that  we  mould  be  rfenfible  of  this 
change,  the  tincture  mult  not  only  be  confiderable, 
but  it  muft  happen  on  a  fudden,  as  will  be  more 
fully  explained  hereafter. 

Vitreous  £Jumour. 

The  vitreous  is  the  third  humour  of  the  eye; 
it  receives  it's  name  from  it's  appearance,  which 
is  like  that  of  melted  glafs.  It  is  neither  fo  hard 
as  the  cryftalline,  nor  fo  liquid  as  the  aqueous 
humour ;  it  fills  the  greater  part  of  the  eye,  ex- 
tending from  the  infertion  of  the  optic  nerve  t o 
the  cryftalline  humour.  It  fupports  the  retina, 
and  keeps  it  at  a  proper  diftance  tor  receiving  and 
forming  diftincl:  images  of  objects. 

The  vitreous  humour  is  contained  in  a  very 
thin  pellucid  membrane,  the  fore  part  is  concave, 
to  receive  the  cryftalline,  at  this  place ;  it  divides 
into  two  membranes,  the  one  covering  the  cavity 
in  which  the  cryftalline  lies,  the  other  palling 
above,  and  covering  the  fore  part  of  the  cryftaU 
line,  thus  forming  a  kind  of  fheath  for  the 
cryftalline.  The  fabric  of  the  vitreous  humour  is 
cellular,  the  fubftance  of  it  being  divided  by  a 
very  fine  tranfparent  membrane  into  cellules,  or 
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little  membranous  compartments,  containing  a 
very  tranfparcnt  liquor. 

LlGAMENTUM  ClLIARE. 

There  is  ftill  one  part  to  be  defcribed,  which, 
though  very  delicate  and  fmall,  is  of  great  im- 
portance; it  is  called  the  ligamenturn  ciliarc, 
becaufe  it  is  compofed  of  fmall  filaments,  or  fibres^ 
noi  unlike  the  cilia,  or  eyelafhes  ;  thefe  fibres 
arife  from  the  infide  of  the  choroides,  all  round 
the  circular  edge,  where  it  joins  the  uvea  ;  from 
whence  they  run  upon  the  fore  part  of  the  vitreous 
humour,  at  that  place  where  it  divides  to  cover 
the  cryftalline  ;  thofe  fibres  are  at  fome  diftance 
from  one  another,  but  the  interftices  are  filled  up 
with  a  dark-coloured  mucus,  giving  it  the  ap- 
pearance of  a  black  membrane. 

Figure  i,  reprefents  a  fection  of  the  eye 
through  the  middle,  by  an  horizontal  plane  pafiing 
through  both  eyes  ;  the  diameter  of  the  figure  is 
about  twice  the  diameter  of  the  human  eye. 

• 

The  outermoft  coat,  which  is  called  fclcrotica, 
is  reprefented  by  the  fpace  between  the  two  exte- 
rior circles.  BFB;    the  more   globular  part, 
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reprefented  by  the  fpace  between  the  two  circles 
at  BAB,  is  the  cornea. 

The  next  coat,  reprefented  by  the  two  inner- 
moft  circles  of  B  F  B,  is  the  choroides. 

Adjoining  to  the  choroides,  at  B  B,  is  a  flat 
membrane,  called  the  uvea,  a  a  is  the  pupil, 
being  a  fmall  hole  in  the  uvea. 

V  the  optic  nerve ;  the  fibres  of  this  nerve, 
after  their  entrance  into  the  eye,  fpread  them- 
felves  over  the  choroides,  forming  a  thin  mem- 
brane, called  the  retina,  and  is  reprefented  in  the 
figure  by  the  thick  made  contiguous  to  the  circle 

E  E  is  the  cryftalline  humour ;  it  is  fulpended 
by  a  mufcle  B  b  b  B,  called  the  ligamentunv 
ciliare. 

The  aqueous  humour  occupies  the  fpace 
B  A  B  b  C  b. 

The  larger  fpace  B  b  D  b  B  F  contains  the 
vitreous  humour. 


The 
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The  foregoing  defcription,  wc  prefumc,  will 
be  found  fufficient  to  give  the  reader  a  general 
idea  of  the  construction  of  this  wonderful  organ  : 
for  a  fuller  account  we  muft  refer  him  to  the 
writers  on  anatomy.  Enough  has  been  exhibited 
to  {hew  with  what  art  and  wifdom  the  eye  has 
been  constructed.  "  And  he  muft  be  very  ig- 
norant of  it's  ftructure,  or  have  a  very  ft  range 
call  of  understanding,  who  can  ferioufty  doubt, 
whether  or  not  the  rays  of  light  and  the  eye  were 
made  for  one  another,  with  confummate  wifdom, 
and  perfect  Ikill  in  optics." 

**  If  we  mould  fuppofe  an  order  of  beings  en- 
dued with  every  human  faculty  but  that  of  fight, 
how  incredible  would  it  appear  to  fuch  beings, 
accuftomed  only  to  the  flow  information  of  touch, 
that,  by  the  addition  of  an  organ,  confifting  of 
a  ball  and  focket  of  an  inch  diameter,  they  might 
be  enabled,  in  an  inftant  of  time,  without  chang- 
ing their  place,  to  perceive  the  difpofition  of  a 
whole  army,  the  order  of  a  battle,  the  figure  of  a 
magnificent  palace,  or  all  the  variety  of  a  beau- 
tiful landfcape?  If  a  man  were,  by  feeling,' to 
find  out  the  figure  of  the  Peak  of  TenerijTe,  or 
even  of  St.  Peter's  church  at  Rome,  it  would  be 
the  work  of  a  life- time. 
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*«  It  would  appear  flill  more  incredible  to  futh 
beings  as  we  have  fuppofed,  if  they  were  informed 
of  the  difcovcrics  which  may  be  made  by  this  little 
organ,  m  things  far  beyond  the  reach  of  any  other 
i'enfe.  That,  by  means  of  it>  we  can  find  our 
way  on  the  pathlefs  ocean,  traverfe  the  globe  of 
thecarrh,  determine  it's  fizc  and  figure,  meafurc 
the  planetary  orbs,  and  make  difcoveries  in  the 
fpherc  of  the  fixed  liars. 

11  Would  it  not  appear  Rill  more  aftoniming  to 
thefe  beings,  if  they  fhould  be  further  informed, 
that  by  means  of  this  organ  we  can  perceive  the 
tempers  and  difpofitions,  the  affections  and 
palTions,  of  our  fdlow-creaturcs,  even  when  the/ 
want  mod  to  conceal  them  ?  that  by  this  organ 
we  can  often  perceive  what  is  ftrait  and  crooked, 
in 'the  mind  as  well  as  the  body:  that  it  partici- 
pates of  every  mental  emotion,  tHe  fofteft  and 
mod  tender,  as  well  as  the  mod  violent  and  tu- 
multuous :  that  it  exhibits  thefe  emotions  with 
force,  and  infufes  into  the  foul  of  the  fpectator 
the  fire  and  the  agitation  of  that  mind  in  which 
they  originate  ?  To  many  myfkrious  things  muft 
a  blind  man  give  credit,  if  he  will  believe  the  re- 
lations of  thofe  that  fee !  his  faith  muft  exceed 
that  which  the  poor  fceptic  derides  as  impoffible, 
Or  condemns  as  abfurd. 
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u  It  is  not,  therefore,  without  rcafon,  that  the 
faculty  of  feeing  is  looked  upon  as  more  noble 
than  the  other  fenfes,  as  having  fomething  in  it 
fuperior  to  fenfation,  as  the  fenfe  of  the  under- 
Handing,  the  language  of  intelligence.  The 
evidence  of  reafon  is  called  seeing,  not  feeling, 
fmelling,  tailing ;  nay,  wc  exprefs  the  manner 
of  the  divine  knowledge  by  seeing,  as  that  kind 
of  knowledge  which  is  moft  perfect  inourfelves."* 

*  Reid's  Inquiry  into  the  Iluinan  Mind. 
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0?  the  Nature  and  Properties  oe  Light, 
and  of  Vision* 

BEFORE  we  can   attain   any  fatisfactory 
knowledge  of  the  nature  of  vifion,  it  will 
be  neceilary  to  point  out  fome  of  the  properties 
of  light.    There  is  no  part  of  the  inanimate 
creation  more  wonderful  and  aftonifhing  than  the 
rays  of  light,  and  the  phenomena  occafioned  by 
them :  the  know  ledge  of  thefe  properties,  and 
the  nature  of  virion,  is  with  propriety  reckoned 
as  one  of  the  molt  important  articles  of  natural 
knowledge :  it  constitutes  the  fcien.ee  of  optics, 
on  whofe  utility  and  excellence  it  would  be  need- 
lefs  to  expatiate,  after  obferving,   that  to  this 
fcience  we  owe  the  invention  of  thofe  optical  ma- 
chines, which  correct  the  imperfections  of  light, 
and  increafe  it's  natural  powers ;    making  us 
acquainted  with  beings  whofe  minutenefs  renders 
them  imperceptible,  and  bringing  to  hand  ob- 
jects, whofe  remote  fituation  affords  to  the  eye 
either  no  information,  or  fuch  as  is  imperfect  and 
erroneous. 

The  rays  of  light  are  of  fuch  extreme  minute- 
nefs, as  to  pervade  with  facility  bodies  of  the 
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clofeft  texture,  and  grcateft  denfity :  their  ve- 
locity is  fo  great,  that  if  the  particles  of  light 
were  equal  in  mafs  to  the  one-millicnth  part  of  a 
grain  of  fand,  we  mould  no  more  be  able  to  endure 
their  impulfe,  than  that  of  fand  ihot  point-blank 
from  a  cannon.    The  rays  crofs  each  other  in  all 
directions,  without  the  leaft  difturbance;  for 
through  a  hole,  not  exceeding  one-hundredth  part 
of  an  inch  in  diameter,  w  e  can  eafily  view  the 
objects,  which  occupy  almoft  an  entire  hemi- 
fphere ;   the  light  proceeding  from  all  thefe 
objects  mull,  therefore,  pafs  at  the  fame  time 
through  the  hole  in  a  great  variety  of  directions, 
before  they  arrive  at  the  eye,  and  that  without 
interfering  with  each  other,  and  preventing  the 
light  of  the  obje8s.    How  exquifitely  minute 
muft  thefe  particles  be,  that  myriads  of  them  can 
move  promifcuoufly  all  manner  of  ways,  without 
impinging  one  another.    That  light  moves  with 
greater  velocity  than  found,  is  known  to  every 
one;  becaufe  the  flafli  of  a  gun,  fired  at  a  con- 
fidcrablc  diftance,  will  be  feen  fome  time  before 
the  found  is  heard  ;  but  found  is  known  to  move 
at  the  rate  of  1142  feet  in  a  fecond  of  time.  It 
was  referved,  however,  to  modern  afironomcrs,  to 
difcover  with  exactnefs  the  velocity  of  light ;  and 
from  their  obfervations  it  appears,  that  it  paries 
through  about  one  hundred  and  fevenry  thoufand 
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geographical  miles  in  a  fecond  of  our  time. 
Milton  invokes  light  in  the  following  fublime 
manner. 

"  Hail,  holy  light,  offspring  of  heav'n  firft-born ; 
Or  of  th'  eternal  co-eternal  beam 
May  I  exprefs  thee  unblam'd  ?  fince  God  is  light, 
And  never  but  in  unapproached  light 
Dwelt  from  eternity,  dwelt  then  in  thee, 
Bright  effluence  of  bright  effence  increate. 
Orhear'ft  thou  rather  pure  etherial  ftream, 
Whofc  fountain  who  lhall  tell  ?  before  the  fun, 
Before  the  heavens  thou  wert,  and  at  the  voice 
Of  God,  as  with  a  mantle,  didft  invert 
The  riling  world  of  waters,  dark  and  deep ; 
Won  from  the  void  and  formlefs  infinite." 

Whatever  is  feen  or  beheld  by  the  eye,  is  by 
opticians  called  an  object. 

They  confider  every  obje&  as  made  up  of  a  vaft 
number  of  minute  points,  and  that  each  of  thefe 
points,  by  an  unknown  power,  fends  forth  rays 
of  light  in  all  directions,  and  is  thus  the  center  of 
a  fphere  of  light,  extending  indefinitely  on  all 
fides. 


To 
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To  render  this  plainer,  let  us  fuppofe  one  point 
of  an  object  to  be  Tingled  out  from  the  red,  and 
reprefented  by  P,  fjg.  4,  then  the  lines  proceed- 
ing from  it  ftiay  be  considered  as  the  rays  of  light. 
Now  it  is  evident,  by  infpecting  the  figure,  that 
in  whatever  pofition  the  eye  be  placed,  whether 
at  A,  at  B,  or  C,  &c.  the  point  will  be  vifiblc, 
rays  being  reflected  from  it  to  every  part. 

It  appears  further,  from  all  experiments  that 
have  hitherto  been  made,  that  the  rays  of  light 
proceed  from  every  point  of  an  object  in  ftrait 
lines  ;  but  that  they  are  refracted  or  bent  out  of 
this  rectilinear  courfc,  whenever  the  denfity  of 
the  medium,  through  which  they  pafs,  is  in- 
creafed  or  diminished. 

By  a  medium,  in  the  language  of  opticians, 
is  meant  any  tranfparent  fubftance,  folidor  fluid, 
through  which  light  paffes. 

One  medium  is  faid  to  be  more  denfe  than 
another,  when  it  contains  more  matter  in  the 
fame  bulk  or  fize  :  thus  glafs  is  more  denfe  than 
water,  water  is  more  denfe  than  air. 

Light  is  more  refracted,  or  bent,  in  palling 
from  air  into  glafs,  than  from  air  into  water; 

or, 
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or,  in  other  words,  the  denfer  the  medium  is, 
the  more  the  rays  are  bent,  and  approach  a  per- 
pendicular let  fall  from  it's  furface. 

The  direction  with  which  the  rays  of  light  fall 
on  any  medium,  is  as  much  to  be  confidered  as 
it's  denfity. 

For  if  a  ray  falls  perpendicularly  on  the  furface 
of  any  medium,  it  is  not  bent,  but  goes  on  in  the 
fame  direction  in  which  it  entered,  the  refraction 
only  taking  place  when  the  rays  fall  obliquely,  and 
is  fo  much  greater,  as  the  incidence  is  more  ob- 
lique, and  the  medium  is  more  denfe.  Thus, 
for  example,  the  rays  are  more  bent  in  patting 
from  air  into  glafs,  than  from  air  into  water. 

The  following  pleating  and  eafy  experiment 
will  give  the  reader  a  clear  idea  of  what  is  meant 
by  the  refraction  of  the  rays  of  light ;  a  wonder- 
ful property,  to  which  we  are  indebted  for  all  the 
advantages  of  vifion,  and  the  affiftance  received 
from  glafles. 

Experiment.  Into  any  fhallow  veflel  (a  bafon) 
put  a  milling,  and  retire  tofuch  a  diftance  as  that 
you  can  jult  fee  the  farther  edge  of  the  (hilling, 
but  no  more:  let  the*  veiTel,  the  fliilling,  and 

Q  4  your 
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your  eye,  remain  in  the  fame  fituation,  while  an 
afliftant  fills  up  the  veffel  with  water,  and  the 
whole  fhilling  will  then  become  vifible. 

Thus  the  eye  E,  fig.  2,  can  fee  no  part  of  the 
money  b  I)  in  an  empty  bafon  B ;  but  pour 
water  into  the  bafon  up  to  c,  and  the  whole  piece 
will  be  feen  ;  becaufe  the  ray  A  c  D,  which  was 
fjrait  before,  is  now  bent  into  the  form  A  c  b. 

For  the  fame  reafon,  a  ft  rait  flick  put  partly 
into  water  appears  bent. 

Every  ray  of  light  carries  with  it  an  image  of 
that  point  from  which  it  proceeded.  If,  there- 
fore, all  the  rays  coming  from  any  point,  can  be 
united  in  the  fame  order  in  which  they  were 
emitted,  there  will  be  a  perfect,  reprefentarion  or 
image  of  the  object,  at  the  place  where  they  are 
thus  orderly  united. 

The  whole  apparatus  of  the  eye  is  defigned  to 
produce  this  orderly  union  of  the  rays.  The  fame 
purpofe  is  alfo  eft  eel  ed  by  means  of  convex 
lenfes. 

It  is  by  the  refraclion  of  the  rays  of  light,  that 
this  union  is  brought  about.    We  have  already 
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pbferved,  that  if  a  ray  of  light  falls  perpendicu- 
larly upon  the  furface  of  any  medium,  it  will 
continue  to  go  on  in  a  ftrait  line,  in  the  fame 
direction  it  was  moving  in  before  ;  but  if  it  falls 
obliquely  upon  the  furface  of  the  fecond  medium, 
it  will  be  refraded  at  the  point  of  incidence,  fo 
as  to  be  bent  towards  the  perpendicular,  when  it 
paffes  out  of  a  thinner  into  a  more  denfe  one ; 
and  from  the  perpendicular,  when  it  palTes  out  of 
a  denfer  into  a  thinner  medium. 

The  parallel  rays,  fig.  3,  a  b  c  d  e  f  g,  falling 
obliquely  on  the  furface  A  D  B  of  a  double  con- 
vex lens,  are  refracted  or  bent  inward,  by  paffing 
through  the  lens,  and  meet  in  a  focus,  or  point, 
at  C,  which  is  the  center  of  the  lens's  convexity. 

The  middle  ray  d  D  falling  perpendicularly  on 
the  furface  of  the  lens  at  D,  fuffcrs  no  refradion 
in  palfing  through  it. 

By  this  means,  if  a  number  of  rays,  proceeding 
from  any  one  point,  fall  on  a  convex  fpherical 
furface  of  glafs,  they  will  be  bent  or  refracted,  fo 
as  to  be  nearly  united  in  a  point  behind  the  glafs, 
and  there  form  a  reprefentation  of  the  original 
point. 


Hence, 
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Hence,  when  the  rays  which  come  from  all  the 
points  of  an  object,  meet  again  in  as  many  points, 
after  they  have  been  re-united  or  converged  by 
refraction,  they  will  at  thefe  points  of  re-union 
form  a  picture  of  the  object  upon  any  white  body 
on  which  they  fall. 

An  eafy  and  very  fimplc  experiment  will 
enable  the  reader  to  comprehend  this  part,  better 
than  by  any  explanation  in  words. 

Experiment.  Let  B  B,  fig.  5,  reprefent  a 
darkened  room,  or  box,  into  which  no  light  is 
admitted  but  what  comes  through  a  glafs  lms  at 
O.    Let  D  E  F  be  objects  without  doors. 

The  rays  of  light  coming  from  the  objects 
w  ill  be  turned  out  of  their  courfe  by  the  refractive 
power  of  the  lens,  and  be  made  to  unite  at  the 
focus  of  the  lens. 

If,  therefore,  a  piece  of  white  paper  *  be  held 
at  the  focus,  the  pictures  of  the  objects  will  be 
fairly  and  orderly  reprefentcd  on  the  paper,  in 

their 

*  The  pifturc  appears  befl:  upon  white,  becaufe  white 
bodies  reflccl;  light  more  copioufly,  and  more  uniformly, 
than  bodies  of  any  other  colour. 
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their  natural  colours  and  proportions,  but  in  an 
inverted  fituation. 

Every  phylipal  point  of  the  objects  fends  forth 
it's  cone  of  rays,  which,,  by  means  of  the  lens, 
are  made  to  unite  orderly  at  C  H,  and  being  there 
reflected  by  the  paper,  the  image  of  the  whole 
object  is  dilUnct  and  vifible,  like  a  picture  drawn 
upon  canvas,  but  much  more  lively  and  diftinct 
than  the  belt  fmilhed  drawing  of  the  fined  artift. 

If  the  paper  be  removed  nearer  to,  or  farther 
from  the  lens,  the  picture  will  be  confufed  ;  be-, 
caufe  the  rays  proceeding  from  the  next  adjacent 
points  of  the  objects,  begin  to  interfere,  and  mix 
together. 

The  diftinclnefs  of  the  picture  depends  tipotv 
the  feparation  of  the  rays  belonging  to  every  point; 
of  the  object,  upon  their  reception  by  the  paper. 

If  the  paper  be  removed  farther  and  farthef 
from  the  focus,  the  picture  will  become  more  and 
more  indiflinct,  and  at  length  totally  vanifh,  no 
one  part  being  diftinguifhable  from  the  reft,  be- 
caufe  the  rays  from  remote  parts  are  mixed  with 
the  others.  It  is  for  the  fame  reafon^  that  the 
room  mull  be  dark,  otjierwife  the  foreign,  light, 

by 

J 


41 


ESSAY    ON  VISION. 


by  mixing  with  the  pencils  that  form  the  picture, 
will  fo  weaken  it,  till  at  Iaft,  as  the  light  grows 
Wronger,  it  will  become  infenfible,  being  effaced" 
by  the  adventitious  rays. 

The  caufe  of  the  inverfion  of  the  image  ir 
evident  from  a  bare  inflection  of  the  figure; 
and  it  is  plain,  that  this  inverfion  is  not 'to  be 
attributed  to  the  lens  :  for  if  the  lens  be  removed, 
and  the  light  be  admitted  into  the  room  by  a  hole 
of  about  one-tenth  of  an  inch  in  diametcf,  we 
fhall  have,  on  the  paper,  an  inverted,  though 
imperfect,  picture  of  the  objects  without,  in  the 
fame  manner  as,  when  the  light  comes  through  the 
lens. 

In  both  cafes  the  feveral  pencils  of  rays  necef- 
f.xrily  crofs  each  other;  but  without  the  lens,  the 
picture  will  be  faint  and  confufed  :  it  is  faint, 
becaufe  there  are  but  few  rays  fpr  forming  each 
point  of  the  image ;  whereas  the  lens  collected 
many  together  in  one  point,  and  thus  rendered 
the  image  flronger ;  the  picture  is  confufed,  be- 
caufe the  rays  that  proceed  from  adjacent  objefts 
interfere,  and  mingle  together. 

By  the  lens,  a  great  number  of  rays  arc  united 
.rube  fame  fenfiblc  point,  and  this  is  the  principal 
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life  of  it ;  and  the  image  is  brighter,  in  propor- 
tion as  there  are  more  rays  united  ;  and  more 
diftinct,  in  proportion  as  the  order  in  which  they 
proceed  is  better  preferved  in  their  union- 

Of  Vision. 

The  foregoing  reprefentation  of  objects  upon  a 
meet  of  paper,  by  means  of  a  lens  placed  at  a  hole 
in  a  window-fhutter,  is  exceedingly  fimilar  to 
what  happens  to  our  eyes  when  we  view  objects. 
For  the  ftru&ure  of  the  eye  plainly  indicates,  that 
in  order  to  attain  diftinct  virion,  it  is  neceffary 
that  a  certain  quantity  of  rays  from  every  vifible 
point  of  an  object,  mould  be  United  at  the  bottom 
of  the  eye,  and  that  the  points  of  union  of  the 
rays  of  the  different  pencils  mould  be  as  diftinct 
and  fcparare  as  poffible. 

The  eye  is  admirably  contrived  for  effecting 
thefe  purpofes :  all  the  rays  coming  from  any 
vifible  point  of  an  object,  that  can  enter  the 
pupil,  are  united  clofely  together  upon  the  retina, 
and  thereby  make  a  much  more  powerful  and 
Wronger  imprdlion  than  a  fingle  ray  alone  could 
do  ;  to  anfu  er  this  purpofe,  the  retina  is  placed  at 
a  proper  distance  behind  the  refracting  furfaces, 
and  each  pencil  of  rays  is  refracted  orderly  into 

diftinft 
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diftinct  focufes,  that  the  whole  object  may  be 
diftindly  feeh  at  the  fame  inftant. 

Thefe  effects  are  ow  ing  to  the  refraction  of  the 
rays  of  light;  for  if  thefe  rays  were  not  fo  re- 
fraded,  very  few  of  them  will  ftrikc  upon  the 
leaft  fenfible  point  of  the  vifionary  nerve,  and  the 
rays  fromdiifercnt  objects,  or  from  different  parts 
of  the  fame  objecls,  would  ftrike  at  the  fame  place 
at  once,  and  thus  have  created  an  indiftin&nefs 
equal  to  blindnefs. 

When  the  light  is  weak  or  ftrong,  the  pupil 
is  accordingly  enlarged  or  contracted,  for  the  ad- 
miffion  of  more  or  fewer  rays,  that  the  im- 
preffions  on  the  retina  may  be  rendered  fuitable 
to  the  refpective  cafes. 

As  the  cryftalline  humour  is  denfeft  in  the 
middle,  it  is  highly  probable  that  it  is  not  equally 
refractive.  This  difference  indenlity  of  the  con- 
ftituent  parts  of  the  cryftalline  is  admirably 
contrived  tot  correcting  the  aberration  from  it's 
figure,  as  well  as  that  of  the  cornea.  The  more 
remote  rays  of  each  pencil,  by  pafling  through  a 
medium,  gradually  diminifhing  in  deniity  from 
the  middle  towards  the  extremes,  have  their 
focufes  gradually  lengthened,  which  correct  the 

2  aberrations 
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aberrations  of  the  figure,  that  fo  they  may  unite 
nearer  together.  The  concave  figure  of  the 
retina  is  alfo  ferviccable  for  the  famepurpofe. 

It  is  by  no  means  eafy  to  determine  with 
accuracy  the  meafure  of  refraction  of  the  different 
humours  of  the  eye  ;  from  fuch  experiments  as 
could  be  made,  it  has  been  found  that  the  refrac- 
tive powers  of  the  aqueous  and  vitreous  humours 
are  much  the  fame  with  common  water,  and  the 
cryftalline  a  little  greater. 

The  cornea  and  aqueous  humour  being  fuppo- 
fed  to  have  the  fame  refractive  powers,  all  three 
may  be  confidcred  as  one  denfe  medium,  whofe 
refractive  furface  is  the  cornea  ;  and  the  cryftal- 
line humour  may  be  confidered  as  a  convex  lens, 
placed  in  a  given  pofition,  within  the  faid  medium. 
Whence  the  humours  of  the  eye  all  together 
make  a  kind  of  compound  lens,  whofe  effect  in 
refracting  rays  having  a  given  focus  of  incidence, 
is  eaftly  found  by  the  laws  of  optics. 

We  (hall  now  endeavour  to  explain  the  action 
of  the  rays  of  light  upon  the  eye,  by  a  figure. 
Let  P  Q  R  be  an  object ;  then  the  pencils  of  light. 
BPB,  BQJ3,  BRB,  from  the  points  PQR, 
are  frrft  refracted  by  the  cornea,  fo  as  to  belong 

to 
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to  the  focufcs  abc,  behind  the  eye ;  then  by  the 
anterior  furface  of  the  cryflalline  humour,  they 
are  again  refracted  towards  the  focufes  h  i  k, 
nearer  to  the  eye  than  before  ;  and  laflly,  in 
going  out  of  the  cryflalline  into  the  vitreous 
humour,  they  are  again  rcfracled,  fo  as  to  unite 
in  the  points  p  q  r.  In  like  manner,  the  pencils 
of  rays  coming  to  the  cornea  from  every  phy  fical 
point  of  the  object  P  QJR,  are,  by  the  different 
refradting  furfaces  of  the  eye,  brought  orderly  to 
unite  upon  the  retina,  and  there  form,  as  it  were; 
an  image  p  q  r  of  the  object,  but  in  an  inverted 
pofition ;  the  upper  part  of  the  object  being 
painted  upon  the  lower  part  of  the  retina,  the 
right  fide  of  the  object  upon  the  left  fide  of  the 
retina,  and  fo  of  other  parts.  Thus  the  cavity  of 
the  eye  is  a  kind  of  camera  obscura,  the  cornea 
and  cryflalline  making  a  fort  of  compound  lens, 
whofe  aperture  is  limited  by  the  breadth  a  a  of  the 
pupil.  And  that  the  parts  of  the  eye  are  adapted 
to  produce  fuch  an  image,  may  be  proved  by  ex- 
periment :  for  if  the  tunica  fclerotica  be  taken 
away  from  the  back  of  an  eye,  newly  taken  out 
of  the  head  of  any  animal,  and  this  eye  be  placed 
in  a  hole  made  in  the  window-mutter  of  a  dark 
room,  fo  that  the  bottom  of  the  eye  be  towards 
you,  a  beautiful,  but  inverted,  picture  of  ex-^ 
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ternal  objefts  will  be  exhibited,  painted  in  the 
moft  lively  colours. 

If  the  humours  of  the  eye,  by  age,  or  any  other 
caufe,  mrink  and  decay,  the  cornea  and  cryftal- 
line  g'-ow  flatter  than  before;  and  the  rays  not 
being  fufficientJy  bent,  arrive  at  the  retina  before 
they  are  united  in  their  focus,  and  meet  in  fome 
place  behind  it,  and  therefore  form  an  imperfect 
picture  at  the  bottom  of  the  eye,  and  exhibit  the 
object  in  a  confufed  and  indiltindf.  manner :  this 
defect,  of  which  we  (hall  treat  more  particularly 
hereafter,  is  remedied  by  fpectacles  with  convex 
glafTes,  which,  by  increafing  the  refraction  of  the 
rays  of  light,  caufes  them  to  converge  fooner, 
and  thus  convene  diftin&Iy  at  the  bottom  of  the 
eye. 

On  the  other  hand,  if  the  cornea  and  cryftal- 
line  be  too  convex,  the  rays  unite  before  their 
arrival  at  the  retina,  and  the  image  thereon  is  of 
courfe  indiftinct :  this  defeft,  like  the  preceding 
one,  may  be  remedied  by  the  ufe  of  glafTes,  though 
of  a  contrary  figure,  for  here  they  mud  be  con- 
cave, inftead  of  convex ;  a  lens,  of  a  proper 
concavity,  placed  before  the  eye,  will  make  the 
rays  diverge  fo  much  more  than  they  do  in  their 

D  natural 
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natural  flare,  as  will  caufe  them  to  meet  at  the 
retina. 

The  optical  effects  of  vifion  may  be  very  plea- 
dingly and  fatisfadorily  illuftrared  by  the  inltru- 
ment  reprefented  at  fig,  7,  which  is  called  an 

ARTIFICIAL  EYE. 

At  the  end  E  there  is  a  piece  of  glafs  placed, 
on  which  the  form  of  the  eye  is  painted,  a  part 
being  left  tranfparent,  to  reprefent  the  pupil ; 
within  the  globe  are  inferted  three  lenfes,  of  dif- 
ferent convexities,  either  of  which  may  be  brought 
oppofite  to  the  hole,  or  pupil  •  one  of  thefe  is  to 
anfwer  for  the  natural  ftate  of  the  eye ;  the  other, 
being  lefs  convex,  is  to  Ihew  the  ftate  of  the  eye 
when  flattened  by  age  ;  the  third,  more  convex 
than  the  firft,  to  reprefent  the  condition  of  the 
fhort -lighted  :  at  the  oppofite  end  A  of  the  globe 
is  a  greyed  or  femi-tranfparent  piece  of  glafs,  to 
reprefent  the  retina. 

At  the  front  are  two  lenfes,  fitted  into  frames, 
and  moveable  by  the  handle  B,  one  concave,  C, 
the  other  convex,  D,  which  may  be  occafionally 
placed  before  the  eye,  to  {hew  how  the  imperfect 
ftatbs  of  it  are  remedied. 
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If  the  artificial  eye  be  turned  towards  any 
bright  object,  at  a  moderate  diftance,  and.  the 
lens  for  the  natural  fight  be  brought  before  the 
pupil,  a  lively  and  diftinct,  though  inverted, 
picture  of  the  object  will  be  exhibited  on  the 
greyed  glafs. 

If  either  of  the  other  lenfes  be  placed  oppofite 
the  pupil,  the  picture  becomes  confufed  ;  but  it 
is  again  rendered  diftinct,  by  placing  the  cor- 
refponding  lens  before  it. 

If  virion  be  owing  to  the  picture  on  the  retina, 
it  may  be  afked,  why  the  object  appears  in  it's 
natural  upright  pofuion  ?  how,  when  nature 
draws  the  picture  the  wrong  way,  her  errors  are 
fo  readily  corrected  ? 

If  it  were  as  eafy  a  tafk  to  give  a  fatisfactory 
explanation  of  this  abftrufe  queftion,  as  it  is  to 
ftart  objections  to  every  fyftem  hitherto  fuggefted, 
to  account  for  the  operations  of  the  mind  on  the 
body,  and  the  body  on  the  mind,  it  would  have 
"been  explained  long  ago.* 

D  2  The 

*  See,  on  this  fubjeft,  Reid  on  the  Mind,  Potterfield 
on  the  Eye,  Hartley  on  Man,  Bonnet's  E.ff*i  Analytic 
fur  l'Ame,  Berkeley  on  Virion,  Sec,  &c. 
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The  difficulty  would  be  Hill  greater,  if  it  was 
the  picture  we  faw,  and  not  the  object ;  but  the 
picture  is  not  feen  at  all,  the  eye  can  fee  no  part 
of  itfelf;  the  picture  is  the  inftrument,  by  means 
of  which  the  object  is  perceived  ;  but  it  is  not 
perceived  itfelf,  the  inftrument  neither  perceives-, 
compares,  nor  judges;  thefe  are  powers  pecu- 
liar to  that  pfycological  unity  which  we  call  the 

MIND. 

It  is  abfolutely  neceffary,  in  confidering  this 
fubject,  to  diftinguifh  between  the  organ  of  per- 
ception, and  the  being  that  perceives.  A  man 
cannot  fee  the  fatellites  of  Jupiter,  unlefsaffifted 
by  a  telefcope  :  does  he  therefore  conclude  from 
this,  that  it  is  the  telefcope  that  fees  thofe  fatel- 
lites ?  By  no  means  ;  the  conclusion  would  be 
abfurd  :  nor  would  it  be  lefs  abfurd,  to  conclude 
that  it  is  the  eye  that  fees  :  the  eye  is  a  natural 
organ  of  fight,  but  the  natural  organ  fees  as  little 
as  the  artificial. 

Our  fenfes  are  inflrumcnts,  fo  framed  by  the 
Author  of  our  being,  that  they  correfpond  with, 
or  have  a  determined  relation  to,  thofe  qualities 
in  objects  which  they  are  to  manifeft  to  us.  It 
is  thus  with  the  eye  ;  it  is  an  inftrument  moft 
admirably  contrived  for  manife  fling  vilible  objects 

to 
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to  the  mind  ;  for  this  purpofe,  it  refracts  the  rays 
of  light,  and  forms  a ' picture  upon  the  retina; 
but  it  neither  fees  the  object,  nor  the  picture. 
The  eye  will  refract  the  rays  of  light,  and  form 
the  picture,  after  it  is  taken  out  of  the  head,  but 
no  vilion  enfues.  Even,  when  it  is  in  it's 
proper  place,  and  perfectly  found,  an  obfl  ruction 
in  the  optic  nerve  takes  away  vilion,  though  the 
.eye  has  performed  all  it's  functions. 

'We  know,  indeed,  how  the  eye  forms  a  picture 
of  vifible  objects  on  the  retina;  but  how  this 
picture  makes  us  fee  objects,  we  know  not :  and 
if  experiment  had  not  informed  us  that  fuch  a 
picture  was  necelfary,  we  mould  have  been  en- 
tirety, ignorant  of  it.  The  feat  of  feniation, 
wherever  it  is  placed,  does  not  appear  to  be  .paflive 
in  receiving  images ;  the  images  are  the  occalion 
of  it's  re-action,  and  directing  a  ray  from  itfelf 
towards  every  object  it  perceives,  and  this  action 
and  re-action  a  re  reciprocal.  Hence  we  often  fee 
objects  when  the  eye  is  turned  from  them,  and 
often  do  not  fee  the  object  on  which  the  eye  is 
turned,  if  the  attention  be  otherwife  engaged. 

The  pictures  upon  the  retina  are,  however,  a 
mean  of  vifion  ;  for  fuch  as  the  picture  is,  or 
fuch  as  the  action  of  the  rays  of  light  is  on  the 
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retina,  fuch  is  the  appearance  of  the  object  in 
colour  and  figure,  diftinctnefs  or  indiflirictncfs, 
brightnefs  or  faintnefs;  but  as  we  are  totally  ig- 
norant of  the  mechanifm  of  the  mind,  or  of  the 
organization  of  the  mental  eye,  we  cannot  fay 
how  this  effect  operates,  and  can  only  conclude, 
that  the  natural  eye  is  an  inftrumcnt  of  vifion. 

It  appears  very  clear  from  Dr.  Darwin's  ex- 
periments, that  the  retina  is  often  in  an  active 
flate,  and  that  upon  the  activity  of  this  organ 
many  of  the  phenomena  of  vifion  depend ;  an 
impreffion  on  the  retina  being  firft  made  by  an 
active  power,  which  produces  a  conformable 
change  and  re-action,  that  pafles  directly  to  the 
fenforium,  occafioning,  though  in  an  unknown 
manner,  the  perception  of  objects. 

On  a  fubject,  therefore,  confefTedly  fo  obfeure, 
and  which  is  perhaps  beyond  the  limits  of  human 
conception  in  it's  prefent  ftate,  every  explana- 
tion muft  be  imperfect,  every  illuftration  inade- 
quate. Among  the  various  attempts  of  human 
fagacity,  to  (hew  why  an  inverted  image  is  the 
mean  of  exhibiting  objects  to  the  mind  in  an  up- 
right pofition,  the  following  is  perhaps  one  of  the 
Jeaft  imperfect. 
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Every  point  of  an  object  is  feen  in  the  direction 
of  a  right  line,  paffing  from  the  picture  of  that 
point  on  the  retina,  through  the  center  of  the 
eye,  to  the  object  point ;  and,  therefore,  fuch 
points  indicate  to  the  mind  the  exiftence  of  the 
object  point,  and  it's  true  fituation ;  and  of 
courfe,  that  the  object,  whofe  picture  is  loweft  on 
the  retina,  muft  be  feen  in  the  higheft  direction 
from  -the  eye  ;  and  that  object,  whofe  picture  is 
on  the  right  of  the  retina,  muft  be  feen  on  the 
left :  fo  that  by  a  natural  law  of  our  conftitution, 
we  fee  objects  erect  by  inverted  images,  and  if 
the  pictures  had  been  erect  on  the  retina,  we 
mould  have  feen  the  object  inverted.* 

But  fuppofing  the  preceding  illuftration  to  be 
the  true  one,  and  quite  fatisfactory,  many  dif- 
ficulties fTill  remain,  to  perplex  the  philofopher, 
and  embarrafs  the  anatomift.  There  are  parts  of 
the  eye  which  affift  in  perfecting  the  organ  of 
virion,  whofe  nature  and  functions  are  among 
the  defiderata  of  fcience.  We  are  ignorant  of  the 
office  of  the  optic  nerve,  or  in  what  manner  it 
performs  that  office.  That  it  has  fome  part  in 
the  faculty  of  feeing,  is  evident;  becaufe  in  an 
amaurofis,  which  is  faid  to  be  a  diforder  of  the 
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optic  nerve,  the  pictures  on  the  retina  are  clear 
and  diftinct,  and  yet  there  is  no  vifion. 

We  know  ftill  lefs  of  the  ufe  and  functions  of 
the  choroid  membrane  ;  it  is  neceflary,  however, 
to  vifion,  for  it  is  well  known,  that  pictures  upon 
that  part  of  the  retina  where  it  is  not  covered  with 
the  choroid,  namely,  at  the  entrance  of  the  optic 
nerve,  produces  no  more  vifion  than  a  picture 
upon  the  hand.  There  are,  therefore,  other  ma- 
terial organs,  whofe  operations  are  neceflary  to 
feeing,  even  after  the  pictures  upon  the  retina 
are  formed  ;  whenever  we  become  acquainted 
with  the  ufe  of  thefe  parts,  more  links  of  the 
chain  will  be  brought  into  our  view,  and  we  fhall 
better  comprehend  this  wonderful  infhument. 

Having  had  occafion  to  mention  that  there  is 
no  vifion  produced  by  that  part  of  the  retina 
which  is  not  covered  by  the  choroid  membrane, 
it  will  be  proper  to  illuftrate  this  circumftance 
more  fully,  and  {hew  in  what  manner  this  fact 
has  been  afcertained,  the  difcovery  of  which  oc- 
cafioned  a  long  controverfy  concerning  the  proper 
feat  of  vifion. 

Experiment.  Fix  three  patches,  ABC, 
upon  a  white  wall,  at  the  height  of  the  eye,  and 
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about  one  foot  from  each  other  :  place  yourfelF 
facing  thefe  patches,  (hut  the  right  eye  and  direct 
the  left  towards  the  patch  C,  you  will  then  fee 
both  A  and  C,  but  the  middle  patch  B  will  dif- 
appear.  Or  if  the  left  eye  belhut,  and  the  right 
dire&ed  towards  A,  you  will  (till  fee  both  A  and 
C,  but  B  will  difappear.  If  the  eye  be  dire&ed 
towards  B,  both  Band  A  will  be  feen,  and  not  C ; 
for  which  ever  of  the  patches  is  directly  oppofite 
to  the  optic  nerve  N  vanifhes.  This  experiment 
is  rather  difficult  at  firft,  but  becomes  eafy  by  3 
little  practice.  In  our  ufual  intercourfe  with 
common  objects,  we  are  not  fenfible  of  this  de- 
fect, becaufe  we  turn  the  vifual  parts  of  the  eye 
with  fo  much  rapidity  upon  the  invifible  part  oF 
the  object,  that  the  lofs,  without  peculiar  atten- 
tion, is  imperceptible  ;  this  lofs,  however,  in  one 
eye,  is  remedied  by  the  ufe  of  both,  as  the  part 
of  the  object  that  is  not  feen  by  one,  will  be 
diftinctly  perceived  by  the  other.  This  defeft  of 
fight,  though  common  to  every  human  eye,  was 
never  known,  until  it  was  difcovered  by  the  fa^. 
gacity  of  Monf.  Mariotte  "in  the  laft  century. 

Of  the  Extent  or  Limits  of  Vision. 

We  mall  now  proceed  to  confider  further  the 
nature,  properties,  and  extent  of  power  of  the 
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eyes.  As  in  a  dark  chamber,  a  very  {lender  beam 
©flight  is  vifiMe ;  fo  in  all  cafes  when  the  fui- 
rounding  medium  is  very  dark,  obje&s  are  leen  by 
final!  quantities  of  light.  Hence,  w  hen  the  me- 
dium round  the  eye  is  dark,  a  fmall  quantity  of 
light  will  fuffice  forvifion,  the  eye  being,  by  the 
exclufion  of  the  adventitious  light,  rendered  fen- 
fible  to  the  moft  delicate  impreflions. 

The  extent,  therefore,  of  our  fight  is  increafed 
or  diminifhed,  in  proportion  to  the  quantity  of 
light  that  furrounds  us,  fuppofing  the  illumina- 
tion of  the  objedt  to  remain  the  lame.  1  Hence  it 
"*  has  been  calculated,  that  if  the  fame  object, 
which  during  the  day  we  fee  at  the  diftance  of 
3436  times  it's  diameter,  were  equally  illumin- 
ated during  the  night,  it  would  be  vifible  at 
100  times  greater  diftance. 

Thus  in  a  dark  night  the  feeble  light  of  a  candle 
may  be  feen  at  a  great  diftance ;  and  the  fixed 
ftars,  though  they  have  no  fenfible  diameter,  are 
vifible,  and  the  darker  the  night,  the  more  of 
them  are  feen.  A  certain  quantity  of  light  is, 
however,  neceftary,  even  in  this  cafe,  for  vi lion  ; 
for  the  impreftions  of  light  from  the  fatellites  of 
Jupiter  and  Saturn,  are  too  feeble  to  be  perceived 
without  the  afiiftance  of  a  telefcope. 
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At  the  approach  of  day,  and  as  the  tw  ilight  in- 
creafes,  the  eye  begins  to  be  enlightened  by  the 
reflection  of  the  armofphere,  the  fiars  grow 
fainter,  and  in  proportion  as  the  light  increafes, 
gradually  difappear,  firft  thofe  of  the  lcaft,  and 
at  laft  thofe  of  the  largeft  magnitude.  As  the 
day  advances,  the  moon  herfelf  lofcsof  her  lultre, 
till  at  length  her  light  is  overpowered,  and  ihe  is 
no  longer  fcen.  In  the  fame  manner,  fmall  par- 
ticles are  feen  floating  in  a  beam  of  light  let  into  a 
darkened  room,  but  as  foon  as  the  room  is  en- 
lightened, thofe  particles  difappear. 

One  of  the  reafons  why  we  are  often  unable  to 
diftinguifh  diftant  objects,  is  the  profufion  of  rays 
reflected  from  intermediate  objects,  which,  by 
their  brilliancy,  prevent  us  from  perceiving  the 
fainter  and  diverging  rays  that  proceed  from  thofe 
which  are  more  diflant,  fo  that  when  the  objefts 
are  very  remote,  their  picture  on  the  retina  is 
ealily  obliterated,  by  the  vigorous  and  lively  im- 
preflions  made  by  thofe  that  are  nearer.  But 
when  the  intermediate  ones  emit  a  feeble  light, 
when  compared  to  that  which  proceeds  from  the 
more  remote  ones,  thefe  will  form  a  diftinct 
picture  on  the  retina,  and  become  perfectly 
vifible. 

The 
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The  extent  of  vifion  is  not  only  limited  by  the 
light  of  the  ambient  medium,  which  enters  ihe 
eye  with  the  pencils  of  light  that  proceed  from 
furrounding  objects ;  but  it  is  further  impeded  by 
the  heterogeneous  particles  that  are  conftantly 
floating  in  the  air:  thefe,  by  their  opacity  and 
reflexibility,  form  a  kind  of  veil,  that  obfeures 
the  vifion  of  remote  objefts ;  and  the  more  the 
medium  is  loaded  with  thefe  particles,  and  the 
more  remote  the  object  is  from  the  fpectator,  the 
more  obfeure  and  indiftinct  it  will  appear,  and 
the  limits  of  vifion  be  more  confined. 

The  exhalations  which  continually  rife  from  the 
earth,  augment  this  obfeurity,  and  render  the  air 
lefs  tranfparent,  efpecially  near  the  earth ;  the 
celefiial  bodies  generally,  therefore,  appear  more 
obfeure  when  near  the  horizon,  than  when  they 
are  at  a  greater  elevation  ;  becaufe,  in  the  firft 
cafe,  they  are  feen  through  that  part  of  the  at- 
mofphere  which  is  contiguous  to  the  furface  of 
the  earth  ;  but  in  the  latter,  through  a  part  which 
is  at  a  greater  diftance. 

Every  one  knows,  that  objects  at  a  given 
diftance  are  more  diftindlly  feen,  and  vifible  at  a 
greater  diftance  in  clear,  than  in  foggy  weather. 
Thus  early  in  a  clear  morning,  and  when  the 
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is  free  from  vapours,  and  not  much  enlightened, 
a  hill  or  a  head-land  is  vifible  at  a  great  dis- 
tance ;  but  as  the  day  advances,  the  land  be- 
comes more  obfcure,  till  at  length,  by  the  great 
opacity  of  the  intervening  vapour,  and  the  light 
reflected  by  it  to  the  eye,  the  object  becomes  lefs 
and  kfs  perceptible,  and  at  la'ft  totally  difap- 
pears. 

But  the  obfcurity  arifing  from  the  exhalations 
is  not  the  leaft  part  of  the  inconvenience  they 
occafion ;  the  rifing  exhalations  have  a  kind  of 
undulating  motion,  like  that  of  fmoke  or  fleam, 
fo  that  objects  feen  through  them  appear  to 
have  a  tremulous  or  dancing  motion,  which  is 
fenfible  even  to  the  naked  eye  :  if  diftant  objects 
be  viewed  on  a  hot  fummer's  day,  this  effect  is 
fo  fenfible  in  telefcopes,  as  to  render  them  en- 
tirely ufelefs  for  terreftrial  objects,  when  they 
augment  apparent  magnitude  more  than  eighty 
times. 

From  this  want  of  tranfparency  in  the  armo- 
fphere,  arifes  that  gradual  diminution  in  the 
light  of  objects,  which  painters  call  the  aerial 
perfpective,  and  that  azure  tinge  of  the  interven- 
ing atmofphere,  by  which  they  endeavour  to 
give  that  degradation  of  colour,  and  indiftinft- 
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nefs  of  outlines,  peculiar  to  objects  at  a  diftance : 
for  if  the  air  were  perfectly  tranfparent,  an  object 
would  be  equally  luminous  at  all  diftances,  be- 
caufe  the  vilible  area  and  the  denfny  of  light 
decreafe  in  the  fame  proportion. 

Another  caufe  which  limits  the  extent  of 
vifion,  and  for  the  removal  of  which  optical  rn- 
ftruments  are  more  particularly  adapted,  is  their 
fmailnefs  in  proportion  to  their  diftances :  for 
excepting  in  the  cafe  of  luminous  objects  feen  in 
the  dark,  it  is  neceffary  that  an  image  on  the 
retina  mould  have  fome  determinate  magnitude, 
in  order  to  become  perceptible ;  thus  a  houfe 
may  be  feen  at  a  conliderable  diftance,  but  we 
muft  approach  nearer  before  the  windows  are 
difcernible,  and  nearer  ftill  to  diftinguilh  the 
bricks. 

It  is  not  eafy  to  determine  with  accuracy  the 
quantity  of  the  minimum  visibile,  or  the  angle 
that  is  fubtended  by  the  fmalleft  vilible  object. 
Mr.  Harris  has  inferred,  from  feveral  experi- 
ments, that  objects  are  fcldom  viftble  under  an 
angle  lefs  than  40  feconds,  and  at  a  medium  not 
lefs  than  two  minutes, 
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A  fimple  object,  as  a  white  or  black  fquare, 
upon  the  oppolite  colour,  is  perceivable  under 
a  lefs  angle  than  the  parts  of  a  compound  one. 
The  more  objects  differ  in  colour,  the  more 
eafilv  we  can  diftinguifh  their  feveral  impreflions 
on  the  retina  :  different  degrees  of  light  on  the 
fame  object  will  render  it  vifible  at  different  dis- 
tances, and  under  different  angles ;  indeed  the 
moft  general  caufe  of  the  nonvifibility  of  objects, 
is  the  want  of  fufficient  light  in  the  pencils  that 
proceed  from  them  ;  feveral  contiguous  objects 
are  fcarce  difcernible  one  from  the  other,  unlefs 
they  each  fubtend  angles  that  are  not  lefs  than 
four  minutes. 

A  long  (lender  object  is  vifible  under  a  fmaUer 
angle  than  a  fquare  object  of  the  fame  breadth,  a 
(lender  object,  as  a  line,  may  be  confidered  as 
confiding  of  feveral  fquares  joined  together;  and 
though  one  of  thefe  fquares  may  be  too  fmall 
to  be  feen,  yet  the  pencil  of  light  coming  from 
each  of  them  being  contiguous,  and  ftrikirig  at 
the  fame  time  upon  the  retina,  are  capable,  by 
theirunited  ftrength,  to  awaken  the  vifive  faculty, 
and  fo  to  render  the  objects  vifible  from  whence 
they  came.  For  the  fame  reafon,  a  fmall  object 
in  motion  is  eafier  difcerned  than  if  at  reff, 
and  may  be  vifible  in  the  one  cafe,  though  not 
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in  the  other.  A  fmall  ftar,  by  day  or  twilight, 
that  cannot  be  eafily  feen  through  a  teleicope 
directed  to  it,  will  become  vifible  by  making  or 
moving  the  telefcope. 

There  is  a  great  difference  in  the  degree  of  fen- 
fibility  of  different  eyes.  We  have  been  told  of 
perfons  feeing  a  fatellite  of  Jupiter  without  the 
aififtance  of  glaffes :  a  circumltance  that  to  many 
appears  incredible.  But  when  we  confider  how 
much  the  various  circumftances  of  light  affect 
virion,  and  how  much  further  our  fight  is  ex- 
tended at  fome  favourable  opportunities  than 
at  others,  thefe  extraordinary  accounts  may  be 
the  more  readily  credited. 

The  following  calculation  of  M,  dc  la  Hire  will 
give  fome  idea  of  the  extreme  fenfibility  of  the 
optic  nerves.  The  fail  of  a  windmill,  fix  feet  in 
diameter,  may  be  eafily  feen  at  the  diftance  of 
4000  toifes,  and  the  eye  being  fuppofed  to  be  an 
inch  in  diameter,  the  picture  of  this  fail  at  the 
bottom  of  the  eye  will  be  the  eight  thoufandth 
part  of  an  inch.  This  mews  with  w  hat  wonder- 
ful accuracy  the  rays  of  light  are  refracted  by  the 
eye,  fo  that  a  pencil  of  rays  coming  from  one 
point  of  the  object,  mall  meet  in  a  point  on  the 
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Tcfina,  Co  as  not  to  deviate  the  eight  thoufandth 
part  of  an  inch. 

If  an  object  be  held  too  clofe  to  the  eye,  it  be* 
comes  indiftinct,  and  the  more  fo.the  clofer  it  is 
held,  notwithstanding  it's  apparent  magnitude  is 
thereby  increafed,  and  a  very  flender  object  will 
become  totally  invisible. 

To  the  generality  of  eyes,  the  neareft  diftance 
of  diftinct  vifion  is  about  feven  or  eight  inches; 
at  this  diftance  they  commonly  read  a  fmall 
print,  and  examine  all  minute  objects.  It  is  true, 
fome  eyes  can  fee  fmall  objects  beft  at  the  diftance 
of  fix,  four,  and  even  three  inches ;  and  fome 
again  at  twelve,  fifteen,  or  twenty  inches ;  but 
thefe  are  only  particular  cafes,  and  do  not,  there- 
fore, affect  the  prefent  inquiry. 

Of  distinct  and  indistinct  Vision, 

It  will  be  proper  in  this  place  to  explain,  with 
more  accuracy,  what  is  meant  by  diftinct  vifion, 
and  what  is  the  difference  between  feeing  an  ob- 
ject diftinctly,  and  feeing  it  clearly ;  as  the 
clearnefs  or  brightnefs  with  which  an  object  is 
feen,  is  often  confounded  with  diftinct  vifion. 
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We  fee  an  object  clearly,  when  it  is  fufficiently 
illuminated,  to  enable  us  to  form  a  general  idea 
of  it's  figure,  and  diftinguifh  it  from  other  ob- 
jects :  we  fee  it  diftinctly,  when  the  outlines  of 
it  are  well  defined,  when  we  can  diftinguim  the 
parts  of  it,  and  determine  their  colour  and  fitu- 
ation.  Thus  we  may  be  faid  to  fee  a  diftant 
object:  clearly,  when  we  can  perceive  that  it  is  a 
tower;  but  to  fee  it  diftinctly,  we  approach  fo 
near  as  to  be  able  to  determine  not  only  it's 
general  outline,  but  to  diftinguifh  the  parts  of 
which  it  is  compofed. 

This  may  be  made  more  evident,  by  adverting 
to  the  experiment  of  the  dark  chamber,  in  which 
we  (hall  find  a  confiderable  difference  between 
the  diftinctnefs  and  brightnefs  of  the  picture; 
and  learn,  that  a  con fu lion  of  the  parts  is  not  the 
fame  thing  with  obfeurity. 

For  the  picture  may  be  diftinct  in  all  it's  parts ; 
the  rays  which  come  from  one  and  the  fame  point 
in  the  object,  may  be  exactly  collected  into  one 
and  the  fame  point  upon  the  paper ;  and  yet,  if 
but  few  rays  pafs  through  the  lens,  and  confe- 
quently  the  fpace  where  the  picture  is  painted 
mould  be  but  faintly  enlightened,  this  picture, 
though  it  is  diftinct,  will  be  faint  and  obfeure. 
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On  the  other  hand,  though  the  pidure  be  con- 
futed, either  becaufe  the  paper  is  placed  at  an 
improper  diftancefrom  the.  lens,  or  for  any  other 
caufe ;  yet  if  many  rays  pafs  through  the  lens, 
and  ttrongly  illuminate  the  paper,  the  pi  dure, 
notwithstanding  the  want  of  dillin&nefs,  will  be 
a  bright  one. 

The  brightnefs  or  clearnefs  with  which  an  ob- 
ject is  feen,  depends  principally  on  the  following 
circumftances. 

1.  On  the  quantity  of  light  proceeding  from 
the  object  to  the  eye,  and  this  is  in  a  great  mea- 
fure  regulated  by  the  distance,  for  the  intenfity  of 
light  diminifhes  in  an  inverfe  ratio  to  the  fquare 
of  the  diftances. 

2.  It  depends  on  the  colour  of  the  object  itfelf, 
and  of  thofe  objects  which  furround  it. 

3.  On  the  manner  in  which  the  light  falls  upon 
the  object,  and  is  reflected  from  it. 

4.  On  the  aperture  of  the  pupil,  for  the 
wider  this  is,  the  greater  will  be  the  number  of 
rays  that  are  tranfmitted  to  the  retina. 
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5.  On  the  tranfparcncy  and  purity  of  the 
humours  of  the  eye,  and  the  foundnefs  of  the  reft 
of  the  vifive  parts. 

6.  On  the  tranfparency  of  the  atmofphere, 

When  all  thefe  circumftances  concur,  an  ob- 
ject will  appear  bright  and  clear;  but  lefs  fo,  in 
proportion  as  any  of  them  are  wanting.  In  order, 
however,  to  obtain  diftinct  vifion,  it  is  requifite, 
not  only  that  the  object  be  fufficiently  illuminated, 
but  alfo  that  the  feveral  pencils,  on  their  arrival 
at  the  retina,  fhould  be  feparate,  and  not  mixed 
together,  and  when  this  is  not  the  cafe,  the  out- 
lines of  the  object  and  it's  parts  will  appear  faint, 
hazy,  and  ill-defined.  We  may,  therefore,  con- 
fider  the  following  conditions  as  necelTary  towards 
obtaining  diftinct  vifion. 

1.  The  objects  fhould  be  fufficiently  illu- 
minated :  now  all  other  circumftances  being  the 
fame,  the  nearer  any  object  is,  and  the  brighter 
it's  colour,  the  more  Light  the  eye  receives  from 
it ;  this  is  one  reafon  why  near  objects  are  more 
diflinctly  fcen  than  thofe  that  are  remote. 

2.  The  geometrical  image  of  objects  mould 
fall  either  upon  the  retina,  or  very  near  it,  and 
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thefe  images  fhould  b:  fufficiently  large,  other- 
wife  the  parts  of  the  object  cannot  be  diftinctly 
perceived :  the  want  of  fize  in  this  image  is  alfo 
a  caufc  of  the  indiftinctnefs  of  remote  objects. 

3.  It  is  alfo  requifirc  that  the  eye  be  in  perfect 
order,  and  it's  humours  tranfparent,  in  order  that 
the  impreflions  of  1  ght  may  be  lively  and  diftinct. 

In  a  given  eye,  and  a  given  difpofuion  of  that 
eye,  an  image  upon  the  retina  will  be  moft  per- 
fect when  the  object  is  at  fome  determinate 
diftance  from  the  eye,  and  it  is  near  this  point  or 
place,  that  objects,  if  they  are  not  too  fmall,  will 
be  diftinctly  fecn.  An  object  at  a  greater  or  lefs 
diftance,  will  have  it's  image  either  before  or 
behind  the  retina ;  and  in  either  cafe,  if  the 
diftance  of  the  image  from  the  retina  be  con- 
liderable,  the  vifton  will  be  indiftinct. 

Dr.  Jurin  has,  however,  (hewn  that  it  is  not 
neceflary  to  diftinct  vifion,  that  the  images  of 
objects,  or  the  points  of  union  of  the  rays  be 
precifely  upon  the  retina,  there  being  fome  lati- 
tude both  before  and  behind  the  retina,  within 
which,  whatever  images  be  formed,  the  vifion 
will  be  equally  diftinct,  and  this  latitude  will  be 
greater  or  lefs,  according  as  the  vifual  angles, 
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fubtended  by  the  refpcclivc  objects,  arc  greater  or 
kfs. 

Let  a  printed  page,  in  which  there  are  letters 
of  three  or  four  different  fizes,  be  placed  at  fuch 
a  diftance,  that  every  fort  of  print  may,  without 
any  (training  or  effort  of  the  eye,  be  perfectly 
diltindt ;  in  this  cafe  it  may  be  reafonably  prc- 
fumed,  that  the  images  of  the  feveral  letters  fall 
upon  the  retina.'  If  the  printed  leaf  be  brought 
gradually  nearer  and  nearer,  the  frnalleft  print 
will  firft  begin  to  be  confufed,  whilft  the  larger 
remains  as  diftindt  as  before :  by  advancing  itflill 
nearer,  the  fmaller  print  will  become  more  con- 
fufed, the  next  fize  above  it  a  little  confufed, 
whilft  the  large  print  is  ftill  as  legible  as  before, 
and  fo  through  feveral  degrees,  till  the  whole  is  in 
confufion. 

The  fame  experiment  may  be  made  the  con- 
trary way,  by  ufing  a  pair  of  fpcQacIes,  of  a 
proper  convexity.  J-rom  hence  it  is  evident,  that 
we  may  have  diftincft  vifion,  when  the  focufes  of 
the  pencils  are  at  fome  diftance,  either  before  or 
behind  the  retina,  and  that  the  larger  the  object, 
the  greater  is  this  latitude. 
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But  as  in  this  cafe  the  pencils  from  every  point 
cither  meet  before  they  reach  the  retina,  or  tend 
to  meet  beyond  it,  the  light  that  comes  from 
them  muft  cover  a  circular  fpot  upon  it,  and  will, 
therefore,  paint  the  image  larger  than  perfect 
virion  would  reprefent  it :  and  confequently,  that 
every  object,  placed  either  too  near  or  too  remote 
for  perfect  vifion,  will  appear  larger  than  it  is,  by 
a  penumbra  of  light,  caufed  by  the  circular  fpa- 
ces,  which  are  illuminated  by  pencils  of  rays 
proceeding  from  the  extremities  of  the  objects. 
Thefe  circular  fpaces  are  called  circles  of  diftlpa- 
tion.  This  accounts  for  ftiort-fighted  perfons 
finding  near  objects  appear  rather  magnified, 
when  they  ufe  a  concave  that  is  not  fo  deep  as 
that  to  which  they  are  accuftomed. 

On  account  of  thefe  penumbras,  it  is  clear  that 
two  ftars  will  appear  to  be  nearer  than  they  really 
are  ;  and  if  they  be  really  very  near,  will  appear 
to  be  but  one,  but  brighter  than  either  of  them 
taken  alone  :  fo  that  the  two  ftars  will  have  the 
fame  appearance  as  if  one  brighter  ftar  appeared 
in  the  middle  of  the  fpace  occupied  by  the  two 
ftars. 

When  objects  are  large,  they  will  appear 
tolerably  diftinct  at  a  much  lefs  diftance  than 
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fmall  objects,  becaufe  the  penumbrae  v  ill  not 
interfere  fo  much.  For  this  reafon,  a  large  print 
may  be  read  much  nearer  the  eye  than  a  fmall 
one  ;  the  former  will  appear  only  ill-defined,  but 
fufficiently  diftinct,  when  the  latter  is  quite  in- 
diftinct,  the  penumbra?  of  one  letter  interfering 
with  that  of  another. 

It  ia  very  difficult  to  afcertain  precifely  the 
natural  diftance  of  diftinct  vilion,  or  that  diftance 
at  which  the  eye,  without  any  ftrain  or  effort,  is 
fuited  to  fee  objects  diftinctly.  If  we  fuppofe 
this  diftance  to  be  that  at  which  we  ufually  read  a 
large  fair  print,  this  will  be  about  fifteen  or  fix- 
teen  inches,  and  lefs  it  cannot  be,  as  we  are  rather 
more  concerned  with  large  objects  than  the  letters 
of  a  book  ;  and  when  we  view  objects  nearer,  it 
is  on  account  of  their  minutenefs :  nor  is  it  pro- 
bable that  the  diftance  can  be  many  feet,  as,  in 
order  to  examine  objects,  we  are  always  defirous 
to  have  them  near  the  eye,  except  they  arc  very 
large.  The  neareft  diftance  of  diftinct  vifion  is 
in  general  computed  to  be  at  about  feven  or  eight 
inches  from  the  eye. 
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Of  the  Change  in  the  Conformation  of  the. 
Eye  for  Vision,  at  different  Distances. 

As  a  fhip  requires  a  different  trim  for  every 
variation  of  the  direction  and  the  if  rength  of  the 
wind,  fo,  if  we  may  be  allowed  to  borrow  that 
word,  the  eyes  require  a  different  trim  for  every 
degree  of  light,  and  for  every  variation  in  the 
diftance  of  the  object,  while  it  is  within  certain 
limits.  The  eyes  are  trimmed  for  a  particular 
object,  by  contracting  certain  mufcles,  and  relax- 
ing others  ;  as  the  (hip  is  trimmed  for  a  particu- 
lar wind,  by  drawing  fome  ropes,  and  flackening 
others.  The  failor  learns  this  trim  of  his  (hip,  as 
we  learn  the  trim  of  our  eyes,  by  experience.* 

A  fhip,  although  it  be  the  noblcft  machine 
that  human  art  can  boaft,  is  far  inferior  to  the 
eye,  for  it  requires  art  and  ingenuity  to  navigate 
her,  and  the  failor  muft  know  what  ropes  to  pull, 
and  which  to  flackcn,  to  accommodate  her  to  a 
particular  wind.  But  the  eye  is  fabricated  with 
fuch  fuperior  wifdom,  and  the  principles  of  it's 
motion  fo  contrived,  that  it  requires  no  art  nor 
ingenuity  to  fee  by  it :  we  have  not  to  learn  what 
mufcles  we  are  to  contract,  nor  which  we  are  to 
relax,  in  order  to  fit  the  eye  to  a  particular 
diftance  of  the  object. 

But 

*  Rcid's  Inquiry  into  the  Human  Mind. 


74 


ESSAY    ON  VISION. 


But  although  wc  are  not  confcious  of  the 
motions  we  perform,  in  order  to  fit  the  eyes  to 
the  diflance  of  the  object,  we  are  confcious  of  the 
effort  employed  in  producing  thefe  fenfations, 
and  probably  have  fome  fenfation  which  accom- 
panies them,  and  to  which  we  give  as  little  atten- 
tion as  to  many  other  fenfations ;  and  thus  a 
fenfation  confeioufly  exerted,  or  a  fenfation  con- 
fequent  upon  that  effort,  comes  to  be  conjoined 
with  the  diflance  of  the  object  which  gave  occa- 
lion  to  it,  and  by  this  conjunction  becomes  one 
«ff  the  figns  of  that  diflance. 

That  we  are  Capable  of  viewing  objects  with 
nearly  equal  diftinctnefs,  though  they  be  placed  at 
confiderable  diflances  from  each  other,  is  evident ; 
but  the  alteration  which  takes  place  in  the  eye  for 
this  purpofe,  or  the  mechanifm  by  which  this 
effect  is  produced,  is  not  eafily  afecrtained. 

It  feems  clear  from  the  firft  view  of  the  fub- 
ject,  that  when  feveral  objects  are  at  different 
diflances  before  us,  they  will  not  appear  equally 
diftinct  at  the  fame  time.  Left  it  mould  be 
fufpected  that  the  indiftinctnefs  in  this  cafe  may 
be  owing  to  the  impreffions  not  being  made  upon 
the  correfponding  fibrils  of  the  two  retinas,  let  us 
make  a  trial  with  one  eye  alone*  while  the  other 
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is  fhut :  thus  place  two  fmall  objects,  as  two 
pins,  one  behind  the  other,  and  let  the  one  be  at 
a  foot,  and  the  other  at  about  fix  inches  diftance 
from  the  eye.  Either  of  thefe  objects,  when 
looked  at,  will  appear  diftinct ;  but  the  other,  at 
the  fame  time,  although  it  be  in  the  axis  of  the 
eye,  will  be  confufed.  And  from  hence  it  is  very- 
clear,  that  the  fame  conformation  of  the  eye  is 
not  adapted  for  diftinct  vifion  at  all  diftances, 
and  that  the  eye  by  fome  means  changes  it's  con- 
formation, fo  as  it  may  be  better  fuitcd  for  vifion 
at  different  diftances. 

In  a  fimilar  manner  to  the  foregoing  experi- 
ment, if  the  eye  looks  attentively  upon  the  little 
fcratches  or  particles  of  duft  upon  a  window- 
glafs,  the  objects  without  doors  will  be  indiftinct; 
and  when  we  look  at  the  external  objects,  the 
opake  particles  upon  the  glafs,  which  before 
were  diftinct,  will  now  be  confufed.  It  alfo  fre- 
quently happens,  that  when  we  firft  look  at  an 
object,  it  will  appear  very  confufed,  which  con- 
fufion  will  vanifh  by  degrees,  and  in  a  little  time 
the  object  will  become  quite  diftinct. 

In  like  manner,  if  after  poring  fome  time  on  a 
book,  we  fuddenly  look  at  objects  farther  off, 
they  will  at  firft  appear  confufed,  and  become 
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diftinctcr  by  degrees.  A  fimilar  indiftinctnefs 
takes  place,  when  from  looking  at  remote  objects, 
we  fuddenly  look  at  one  that  is  near.  To  what 
can  we  attribute  thefe  phenomena,  but  to  a 
change  in  the  conformation  of  the  eye  for  vifion  at 
thefe  different  di fiances ;  a  change  which  requires 
fome  fmall  time  for  it's  performance.  It  cannot 
be  owing  to  the  laft  impreffion  on  the  eye  not 
being  obliterated  ;  for  in  that  cafe,  the  fame 
confufion  would  be  obfervable  upon  fhifting  the 
eye  from  one  page  of  a  book  to  the  other. 

Thefe  phenomena  are  (Ironger  when  they  hap- 
pen without  our  thinking  upon  them  ;  for  when 
we  make  the  experiment  on  purpofe,  and  the 
mind  is  already  prepared  for  what  is  to  happen, 
it  has  time  in  part  to  fruftrate  our  defign ;  the 
more  fo,  as  thefe  changes  are  fomewhat  painful. 

Authors  are  much  divided  in  their  opinions 
concerning  the  change  that  is  made  in  the  confor- 
mation of  the  eye,  to  procure  diftinct  vifion  at 
different  diflanccs,  fome  thinking  it  to  be  a 
change  in  the  length  of  the  eye,  others  that  it 
is  a  change  in  the  figure  or  pofuion  of  the  cry  f* 
talline  humour,  others  that  it  is  a  change  in 
the  cornea.  The  authors  of  each  opinion  have 
their  objections  to  all  the  reft,  and  perhaps  the 
2  truth 
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truth  may  lie  between  them  all.  As  the  rays  of 
light  fuffer  a  greater  refraction  at  the  cornea  than 
they  do  afterwards,  it  is  plain  that  a  lefs  change, 
as  to  quantity,  in  the  radius  of  the  cornea,  will 
effect  the  bu fine fs,  than  would  be  fufficicnt  in  any 
other  part  of  the  eye  :  but  at  the  fame  time  it  muft 
alfo  be  confelfed,  that  moil  perfons  who  have 
been  couched  for  cataracts,  are  obliged  to  have 
glaffes  of  different  convexities,  in  order  to  have 
diftinct  vifion  at  different  diflances;  from  whence 
it  feems  neceflarily  to  follow,  that  the  cryffalline 
humour  is  concerned  in  changing  the  conforma- 
tion of  the  eye  ;  perhaps  the  corneas,  and  the 
cryffalline,  if  not  fome  other  parts  of  the  eye 
befides,  may  contribute  to  produce  this  effect: 
and  that  in  order  to  obtain  diftinct  vifion  at  a 
nearer  diftance,  at  the  fame  time  the  cornea  is 
rendered  more  convex,  the  axis  of  the  eye  may 
be  a  little  lengthened,  the  cryffalline  made  more 
convex  and  brought  forwarder,  all  which  changes 
confpire  to  the  fame  end ;  and  the  contrary  for 
obtaining  vifion  at  a  greater  diffance. 

It  has  been  {hewn  by  writers  on  optics,  that  if 
an  object  be  viewed  diffinctly  at  three  different 
diftances  from  the  eye,  the  firit  of  which  may 
be  the  leaft  diftance  at  which  it  can  be  viewed 
diftinctly,  the  fecond  double  the  firft,  and  the 

third 


7©  ESSAY    ON  VISION. 

third  infinite,  that  the  alterations  in  the  confor- 
mation of  the  eye,  neccffary  for  viewing  an  object 
diftinctly  at  the  firff  and  fccond  diflances,  whofe 
difference  is  but  fmall,  are  as  great  as  thofe  that 
are  necefiary  for  the  fecond  and  third,  whofe  dif- 
ference is  infinite. 

Hence,  if  a  fhort-fighted  perfon  can  read  a 
fmall  print  diffinctly,  at  two  different  diffances, 
whereof  the  larger  is  but  double  the  leffer,  as 
great  alterations  are  made  in  his  eyes,  as  in  one 
whofe  eyes  are  perfect,  and  that  can  fee  diftinctly 
at  all  intermediate  diffances,  between  infinity 
and  the  largeft  of  the  two  former  diffances. 
For  the  fame  reafon,  a  fhort-fighted  perfon  can 
fee  diftinQly  at  all  diffances,  with  a  fingle  con- 
cave of  a  proper  figure ;  for  the  caufe  of  (hort- 
fightednefs  is  not  a  want  of  power  to  vary  the 
conformation  of  the  eye,  but  that  the  whole 
quantity  of  refractions  is  always  too  great  for 
the  diftance  of  the  retina  from  the  cornea. 

We  may  hence  alfo  clearly  perceive  why  our 
eyes  are  fo  foon  fatigued  in  looking  at  near 
objects ;  for  in  this  cafe,  the  mufcles  of  the  eyes, 
and  the  ligamentum  ciliare,  are  obliged  to  make 
a  confiderable  effort,  to  give  the  eyes  the  necef- 
fary  conformation,  which  effort  being  greater  in 
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proportion  as  the  object  is  nearer,  muft  be  pain- 
till  and  laborious  when  the  object  is  very  nigh. 

When  the  eye  has  been  attentively  fixed  on 
an  object  at  fome  determined  diftance,  it  cannot 
immediately  fee  another  object  diftin&ly  ;  whether 
it  be  at  a  greater  or  a  leffer  diftancc,  it  appears 
confufed  and  imperfect,  till  the  eye  has  adapted 
itfelf  to  the  diflance  at  which  the  object  is 
placed. 

Of  the  Pupil  of   the  Eye,   and  of  it's 

Motions. 

In  fpeaking  of  the  (tructure  of  the  eye,  ve 
have  fhewn  that  the  uvea  has  a  fmall  round  hole 
in  the  middle,  called  the  pupil,  through  which 
the  rays  muft  all  pafs  before  they  can  get  to  the 
bottom  of  the  eye,  and  paint  the  images  of 
objects  on  the  retina.  The  confideration  of  the 
various  affections  of  this  part  of  the  eye,  will  be 
found  of  great  importance,  both  to  the  vender 
and  purchafer  of  fpeaacles ;  for  upon  the  ftate 
and  aperture  of  the  pupil,  the  requifite  degree 
of  magnifying  power  very  much  depends. 

The  author  of  nature  has  proportioned  the 
magnitude  of  the  pupil,  f0  that  it  may  belt 
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anfwer  the  purpofes  of  vifion,  and  the  feniibility 
of  the  retina;  if  it  were  too  large,  the  retina 
would  be  fatigued,  and  burnt  up  by  the  great 
quantity  of  light.  Hence  it  is  that  thofe  crea- 
sures  cannot  bear  the  light  of  day,  who,  in  order 
to  fearch  for  and  procure  their  food  at  night, 
have  the  pupil  of  their  eyes  very  large.  Further, 
if  this  aperture  had  been  much  larger  than  it  really 
is,  the  eye  would  not  have  been  a  dark  cell,  and 
fo  much  adventitious  light  would  have  entered, 
as  to  render  the  picture  upon  the  retina  obfeure 
and  indiftinct;  for  as  in  the  camera  obfeura,  the 
pictures  are  molt  lively  and  perfect  when  all  the 
light  is  excluded,  but  what  comes  from  the  ob- 
ject, and  ferves  to  form  the  picture ;  fo  it  is 
with  our  eyes  ;  the  picture  on  the  retina  is 
xnoft  perfect  when  all  extraneous  light  is  excluded, 
and  none  mixes  with  the  picture,  but  what  tends 
to  it's  formation. 

On  the  other  hand,  if  the  pupil  had  been  very 
fmall,  it  would  not  have  admitted  a  fufBcient 
quantity  of  light ;  the  impreflion  on  the  retina 
would  have  been  weak,  and  the  picture  faint  and 
obfeure  ;  when  the  pupil  is  very  fmall,  convex 
glafles  are  neceffary,  in  order  to  increafe  the 
quantity  of  light. 
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All  animals  have  a  power  of  contracting  and 
dilating  the  pupil  of  their  eyes.  The  natural 
ftate  appears  to  be  that  of  dilatation,  and  the  con- 
traction a  ftate  of  violence,  produced  by  an  effort 
originating  in  the  mind.  When  the  light  is  too 
lhong,  or  the  object  too  bright,  we  contract  the 
-pupil,  to  intercept  that  part  of  the  light  which 
would  injure  the  eye  ;  but  when  the  light  is  weak, 
we  dilate  the  pupil,  that  more  light  may  enter  the 
eye.  If  a  perfon  look  towards  the  fun,  you  will 
oblerve  the  pupil  become  exceeding  fmall ;  but  if 
he  turns  his  eyes  from  the  light,  and  be  gradually 
brought  into  a  dark  place,  you  will  oblerve  the 
pupil  to  dilate,  in  proportion  as  the  light  becomes 
more  faint  and  obfeure. 

There  are  alfo  other  circumftances  which  will 
caufe  the  pupil  to  contract:,  as  when  the  object  is 
nearer  the  eye  than  the  limits  of  diftinct  vifion : 
for  in  this  cafe,  many  pencils  of  the  rays  pro- 
ceeding from  the  object  are  too  diverging  to  be 
united  in  correfponding  points  on  the  retina;  but 
by  contracting  the  pupil,  many  of  thefe  rays  are 
excluded,  and  the  picture  is  rendered  more 
diftinct.  It  is  for  this  purpofe,  that  many  fhort- 
iighted  perfons  contract  a  habit  of  corrugating 
their  eyebrows  in  reading,  a  habit  which  would 
be  prevented  by  the  ufe  of  concave  fpectacles. 
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Dr.  Jurin  has  {hewn,  that  the  contraction  of 
the  pupil  does,  in  general,  depend  more  upon  the 
ftrength  of  the  light,  than  on  the  fenfation  of 
confufion  in  the  object.  Let  any  perfon  take  a 
book  by  day-light,  and  (land  near  the  middle  of 
a  room,  with  his  back  to  the  light,  and  then 
hold  the  book  fo  near,  that  the  letters  may  ap- 
pear indiftinct,  but  not  fo  much  fo,  but  that 
they  may  be  read,  though  with  difficulty;  on 
turning  towards  the  light,  it  will  be  read  with 
more  eafe.  Again,  holding  the  book  at  the  fame 
diftance,  go  into  the  darkeft  part  of  the  room, 
and  ftanding  with  your  back  to  the  light,  you 
will  find  the  book  not  at  all  legible ;  but  on 
coming  to  the  window,  with  your  face  to  the 
light,  you  will  be  able  to  read  with  eafe  and 
diftinctnefs.  A  perfon  who  has  ufed  fpeftacles 
for  fome  years,  will  in  the  fun-mine  be  able  to 
read  without  them. 

When  we  have  been  for  fome  time  in  a  place 
much  illuminated,  or  if  the  eye  has  been  too  long 
expofed  on  a  refplendent  object,  and  then  views 
objects  that  are  lefs  fo,  or  goes  into  a  darker  place, 
it  will  for  a  little  time  be  impaired,  and  unable  to 
perform  it's  proper  functions.  The  fame  will 
alfo  happen  from  the  contrary  circumftances,  if 
we  go  from  a  faint  light  into  one  that  is  much 
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brighter  ;  in  either  cafe  the  pupil  has  not  time  to 
conform  itfelf  to  the  fudden,  but  necefTary  change,, 
for  feeing  diftinctly  under  the  new  circumftances. 
From  hence  we  may  infer,  that  opake  (hades 
round  a  candle,  inftead  of  preferving  and  pro- 
tecting the  eye,  muft  be  neceffarily  prejudicial  to 
it.  1  j 

There  is  a  kind  of  fympathy,  or  concord,  in 
the  motion  of  the  pupils  of  both  eyes,  fo  that 
when  one  is  contracted,  the  other  contracts  alfo  ; 
\yhen  one  is  dilated,  the  other  alfo  dilates,  though 
neither  the  dilatation  nor  contraction  are  equal. 
Many  grofs  overfights  have  arifen,  and  fome 
dangerous  miftakes  have  been  made,  by  oculifts, 
according  to  Potterfield,  from  their  not  attending 
to  this  fundamental  law  concerning  the  pupil. 
By  this  law,  many  curious  particulars,  relative  to 
vifion,  may  be  elucidated  :  I  (hall  only  notice 
one  ;  M.  de  la  Hire  has  obferved,  that  after  any 
one  has  viewed  for  fome  time  a  very  luminous  ob- 
ject through  a  telefcope,  objects  wijl  appear  mucty 
darker  to  that  eye,  than  to  the  other  that  was 
kept  {hut  :  here  the  bright nef^  of  the  object 
caufes  the  pupil  of  the  eye  to  contract  con- 
siderably ;  but  the  other  pupil  only  contracting  by 
fympathy,  the  aperture  remains  larger,  it  will 
therefore  admit  more  light,  and  the  objects  feen 
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by  it  will  be  brighter.  This  experiment  mould 
be  made  at  night,  or  in  the  evening. 

From  this  expanding  and  contracting  power  of 
the  eye,  we  may  learn,  why  the  eye  fees  beft 
when  furrounded  with  darknefs ;  for  the  pupil, 
by  dilating,  accommodates  itfelf  as  much  as 
poflible  to  the  quantity  of  light,  dilating  confider- 
ably  when  the  eye  is  in  darknefs,  and,  ceteris 
paribus,  objects  are  feen  mod  clearly  when  the 
pupil  is  mod  dilated  ;  belides,  when  the  eye  is 
in  the  dark,  the  picture  on  the  retina  is  neither 
confufed  nor  difturbed  by  adventitious  rays; 
hence,  thofe  who  are  in  a  very  bright  light,  when 
they  want  to  diftinguim  accurately  a  diftant  ob- 
ject, either  deprefs  the  eyebrows,  or  apply  the 
hand  to  the  forehead :  hence  alfo,  a  perfon,  by 
placing  himfelf  in  the  dark,  and  employing  a 
Long  tube,  will  form  a  fpecies  of  telefcope,  pro- 
ducing a  greater  effect  than  might  at  firti:  be  con- 
ceived :  it  was  on  this  principle  that  the  ancients 
ufed  a  deep  pit,  in  order  to  fee  the  ftars  in  the 
day-time.  From  hence  we  alfo  learn,  why  a 
perfon  from  within  a  chamber  can  perceive  the 
objects  that  are  without,  while  thofe  that  are  out 
of  doors  cannot  fee  the  objects  that  are  within ; 
for  when  we  are  out  of  doors,  the  pupil  is  con- 
tracted, and  only  a  fmall  portion  of  the  light  that 
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is  reflected  from  the  objects  within  the  chamber, 
can  pafs  to  the  retina ;  while  on  the  contrary, 
thofe  within  have  the  pupil  more  dilated,  and 
the  objects  that  are  without  arealfo  more  ftrongly 
illuminated  ;  befides  which,  their  view  of  objecls 
is  not  much  obftructed  by  the  refie&ion  of  the 
window-glafs. 

It  is  furprizing  how  far  the  eye  can  accommo- 
date itfelf  to  darknefs,  and  make  the  beft  of  a 
gloomy  fituation.    When  firft  taken  from  the 
light,  and  brought  into  a  dark  room,  all  things 
difappear  ;  or  if  any  thing  is  feen,  it  is  only  the 
remaining  radiations  that  ftill  continue  in  the 
eye;  but  after  a  very  little  time,  the  eye  takes 
advantage  of  the  fmalleft  ray,  which  is  confirmed 
by  the  following  curious  account,  related  by  Mr. 
Boyle.    In  the  time  of  Charles  the- firft,  there 
was  a  gentleman,  who,  fharing  in  his  worthy 
mafter's  misfortunes,   was   forced  abroad  ;  at 
Madrid,  in  attempting  to  do  his  king  a  fignal 
fervice,  he  failed  ;  in  confequence  of  this,  he  was 
•confined  in  a  dark  and  difmal  dungeon,  into 
which  the  light  never  entered,  and  into  which 
there  was  no  opening  but  by  a  hole  at  the  top, 
down  which  the  keeper  put  his  provifions,  pre- 
fently  doling  it  again.    The  unfortunate  loyalift 
continued  for  fome  weeks  in  this  dark  dungeon, 
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quite  difconfolate ;  but,  at  laft,  began  to  think 
he  faw  fome  glimmering  of  light :  this  dawn  of 
light  increafed  from  time  to  time,  fo  that  he 
could  not  only  difcover  the  parts  of  his  bed,  and 
fuch  other  large  objects,  but,  at  length,  he  could 
perceive  the  mice  that  frequented  his  dungeon, 
to  eat  the  crumbs  that  fell  upon  the  ground. 
When  fet  at  liberty,  he  could  not,  for  fome  days, 
venture  to  leave  his  cell,  left  the  brightnefs  of 
the  light  mould  blind  him  5  but  was  obliged  to 
accuftom  his  eyes,  by  flow  and  gradual  degrees, 
to  the  light  of  day. 

Of  imperfect  Sight. 

There  is  no  branch  of  fcience,  of  which  it  is 
more  important  that  a  general  knowledge  fhould 
be  diffufed,  than  that  part  which  treats  of  the 
Various  imperfections  of  fight,  and  the  remedies 
for  them.  To  relieve  an  organ  which  is  the 
fource  of  the  moft  refined  pleafurej  is  certainly  a 
defirable  object: :  to  enable  thofe  who  are  in  want 
of  afliftance,  to  determine  whether  fpectacles  will 
be  advantageous  or  detrimental,  and  what  kind 
will  beft  fuit  their  light ;  and  fo  inftruct  thofe 
who  already  ufe  glaffcs,  that  they  may  difcover 
whether  thofe  they  have  chofen  are  adapted  to  the 
imperfection  of  their  fight,  or  are  fuch  as  will  in- 
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creafe  their  complaint,  and  weaken  their  eyes, 
are  fubjects  worthy  the  confideration  of  every 
individual  ;  and  conftitute  the  principal  bufinefs 
of  the  remainder  of  this  work ;  to  this  end  we 
fhall,  in  the  firft  place,  explain  what  we  mean  by 
an  imperfection  of  fight. 

We  here  underftand  by  imperfect  fight,  an 
abfolute  or  relative  debility  of  it,  without  any 
opacity,  either  in  the  cornea  or  other  internal 
parts  of  the  eye. 

The  fight  is  relatively  imperfect:,  when  we  can- 
not fee  an  object  diftinctly  in  a  common  light, 
and  at  all  the  ufual  diftances  at  which  it  is  ob- 
ferved  by  an  eye  in  a  perfect  ftate. 

In  this  fenfe,  both  the  long  and  fhort-fighted 
are  faid  to  have  an  imperfect  fight.  The  fhort- 
fighted  fee  diftant'  objects  cohfufedly,  thofe  that 
are  near  at  hand  diftinctly ;  their  fight  is  therefore 
defective  with  refpect  to  diftant  objects  :  on  the 
other  hand,  the  long-fighted  fee  diftant  objects 
diftinctly,  near  objects  confufedly. 

An  imperfect  fight  is  occafioned  by  a  confufion 
in  the  image  formed  upon  the  retina  ;  this  hap- 
pens whenever  all  the  rays  that  proceed  from  any 
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one  point  of  an  object,  are  not  united  again  in 
one,  but  on  different  points  of  the  retina:  or 
whenever  feveral  pencils  of  light,  from  different 
points  of  an  object,  terminate  upon  one  point  of 
the  image.  This  fpecies  of  confufion  takes  place 
both  in  long  and  fhort-fighted  eyes. 

An  imperfect,  fight  differs  from  an  amaurofis  or 
gutta  ferena ;  for  in  the  latter  the  fight  is  entirely 
loft,  and  the  pupil  becomes  immoveable  ;  though 
if  one  eye  remain  found,  the  pupil  of  the  blind 
eye  will  be  moved  with  the  pupil  of  the  found 
one ;  but  if  the  found  eye  be  fhut,  the  pupil  of 
the  blind  eye  will  be  defthute  of  motion. 

Of  long  or  old-sighted  Eyes. 

To  detail  thofe  circumftances  which  are,  in 
general,  marks  of  advancing  age,  and  always  of 
partial  infirmity,  muft  be  ever  unpleafant,  and 
would  be  equally  unneceffary,  if  it  were  not  the 
mean  of  leffening  the  inconveniences  attendant  on 
thofe  ftages  of  life. 

By  the  long-fighted,  remote  objects  are  feen 
diftinctly,  near  ones  confufedly* ;  and  in  propor- 
tion as  this  defect  increafes,  the  nearer  objects 
become  more  indiflinct,  till  at  length  it  is  found 
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almoft  impoffible  to  read  a  common -fized  print 
without  affiftance.  An  imperfect  and  confufed 
image  is  formed  upon  the  retina,  becaufe  the 
rays  of  light  that  come  from  the  feveral  points  of 
an  object,  at  an  ordinary  diftance,  are  not  fuf- 
ficiently  refracted,  and  therefore  do  not  meet 
upon  the  retina,  but  beyond  it. 

Various  are  the  caufes  which  may  occafion  this 
defect ;  if  the  convexity  of  the  cornea  be  leifened, 
or  if  either  fide  of  the  cryflalline  becomes  flatter, 
this  effect  will  be  produced  :  if  the  retina  be  re- 
moved too  far  from  the  cornea  or  crystalline,  it 
will  give  rife  to  the  fame  defect,  as  will  alfo  a  lefs 
refractive  power  in  the  pellucid  parts  of  the  eye ; 
in  like  manner,  too  great  a  proximity  of  the 
objects,  or  too  fmall  a  pupil,  will  prevent  the 
rays  from  uniting  till  they  are  beyond  the  retina ; 
but  if  all  thefe  caufes  concur  together,  the  effect 
is  greater.  This  defect  is,  however,  in  general, 
attributed  to  a  fhrinking  of  the  humours  of  the 
eye,  which  caufes  the  cornea  and  crystalline  to 
lofe  their  original  convexity,  and  to  become 
flatter. 

By  one  or  other  of  thefe  caufes,  thofe  who  were 
accuitomed  in  their  youth  to  read  a  common 
fize  print,  at  about  twelve  or  fourteen  inches 
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diftance  from  their  eyes,  are  obliged  to  remove 
the  book  to  two  or  three  feet  before  they  can  fee 
the  letters  diftinctly,  and  read  with  comfort. 
But  in  proportion  as  the  object  is  removed  from 
the  eye>  the  image  thereof  on  the  retina  becomes 
fmaller,  and  confequcntly  fmall  objects  will  not 
always  be  perceivable  at  that  diftance,  to  which 
thofe  in  this  ftate  find  it  neceffary  to  remove 
them^  in  order  to  attain  any  degree  of  diftinct 
virion;  the  further  alfo  the  object  is  removed, 
the  lefs  light  will  enter  the  eye,  and  the  image 
will,  of  courfe,  be  fainter. 

Hence,  thofe  who  are  long-fighted  require 
more  light  to  enable  them  to  read,  than  they  did 
while  their  eyes  were  in  their  perfect  Hate ;  and 
this  not  only  becaufe  they  are  obliged  to  remove 
the  book  to  a  greater  diftance,  but  becaufe  the 
pupil  of  their  eye  is  fmaller,  and  therefore  a 
greater  intenfity  of  light  is  neceffary  to  produce  a 
fufficient  impremon  on  the  retina,  and  compen- 
fate  for  the  defect  by  a  greater  fplendor  and  illu- 
mination of  the  object. 

Increafing  years  have  a  natural  tendency  to 
bring  on  this  defect,  and  earlier  among  thofe 
who  have  made  the  leaft  ufe  of  their  eyes  in 
their  youth ;  but  whatever  care  be  taken  of  the 
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fight,  the  decays  of  nature  cannot  be  prevent^ 
the  humours  of  the  eye  will  gradually  wafte  aftft 
decay,  the  refractive  coats  will  become  flatter, 
and  the  other  parts  of  the  eye  more  rigid  and 
lefs  pliable;  thus  the  latitude  of  diftinct  vifion 
will  become  contracted:  it  is  alfo  highly  proba- 
ble, that  the  retina  and  optic  nerve  lofe  a  portion 
of  their  fenfibilityi 

Though  it  is  in  the  general  courfe  of  nature, 
that  this  defect  Ihould  augment  with  age,  yet 
there  are  not  wanting  inftances  of  thofe  who 
have  recovered  their  fight  at  an  advanced  period, 
and  been  able  to  lay  alide  their  glalfes,  and  read 
and  write  with  pleafure,  without  any  artificial 
afliftance.  Among  many  caufes  which  may  pro- 
duce this  effect,  the  moft  probable  is,  that  it 
generally  arifcs  from  a  decay  of  the  fat  in  the 
bottom  of  the  orbit;  the  prelfure  in  this  part 
ceafing,  the  eye  expands  into  fomewhat  of  an 
oval  form,  and  the  retina  is  removed  to  a  due 
focal  diftance  from  the  cryftaliine. 

It  is  a  certain  and  very  important  fact,  that 
long-fightednefs  may  be  acquired;  for  country- 
men, failors,  and  thofe  that  are  habituated  to 
look  at  remote  objects,  are  generally  long-fighted, 
want  fpectacles  fooneft,  and  ufe  the  deepeft  mag- 
nifiers ; 
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flatters;  on  the  other  hand,  the  far  greater  part 
of  the  fhort-fighted  are  to  be  found  among 
ftudents,  and  thofe  artifts  who  are  daily  conver- 
fant  with  fmall  and  near  objects;  every  man 
becoming  expert  in  that  kind  of  vifion,  which  is 
moft  ufeful  to  him  in  his  particular  profcflion 
and  manner  of  life :  thus  the  miniature  painter, 
and  engraver,  fee  very  near  objects  better  than  a 
failor;  but  the  failor  perceives  diftant  objects 
better  than  they  do:  the  eye  in  both  cafes  endea- 
vouring to  preferve  that  configuration  to  which 
it  is  moft  accuftomed.    In  the  eves,  as  well  as 
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other  parts  of  the  body,  the  mufcles,  by  conftant 
exercife,  are  enabled  to  act  with  more  eafe  and 
power,  but  are  enfeebled  by  difufe;  the  elaftic 
parts  alfo,  if  they  are  kept  too  long  ft  retched, 
lofe  part  of  their  elafticity  ;  while  on  the  other 
hand,  if  they  be  feldom  exercifed,  they  grow  ftirT, 
and  are  not  eafily  diftended.  From  the  confide- 
ration  of  thefe  facts,  we  may  learn,  in  a  great 
rneafure,  how  to  preferve  our  eyes ;  by  habituat- 
ing them  occafionally  to  near  as  well  as  diftant 
objects,  we  may  maintain  them  longer  in  their 
perfect  ftate,  and  be  able  to  poflpone  the  ufe  of 
fpectacles  for  many  years ;  but  we  may  alfo  in- 
fer from  the  fame  premifes,  that  there  is  great 
danger,  when  the  eyes  are  become  long-fighted, 
of  deferring  too  long  the  ufe  of  fpectacles,  or 
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I  lfing  thofc  that  magnify  too  much,  as  wc  may 
[  >y  either  method  fo  flatten  the  eye,  as  to  lofe 
•ntirely  the  benefits  of  naked  vifion.  It  may 
lot  be  improper  in  this  place  to  remark,  that 
he  long-fightcd  eye  is  much  more  liable  to  be 
I  njured  by  too  great  a  degree  of  light,  than  thofc 
:hat  are  fhort-fighted. 

Objects  that  appear  confufed  to  the  long- 
fighted,  will  be  rendered  more  diftinct,  if  they 
view  them  through  a  fmall  hole,  fuch  as  that 
made  by  a  pin  in  a  card,  becaufe  it  excludes 
thofe  diverging  rays  which  are  the  principal 
fource  of  confufion;  but  as  it,  at  the  fame  time, 
intercepts  a  confiderable  portion  of  the  light, 
it  is  by  no  means  an  adequate  remedy.  The  beft 
relief  they  can  obtain  is  from  convex  glafTes, 
for  by  thefe  the  rays  of  light  that  proceed  from 
the  object,  are  fo  refracted,  as  to  fall  upon  the 
retina,  in  the  fame  manner  as  if  they  ilfued  from 
a  diftant  point.  Spectacles  afford  two  advan- 
tages, for  they  not  only  render  the  picture  of 
objects  diftinct  upon  the  retina,  but  they  alfo 
make  it  as  ft  rang  and  as  lively,  as  if  the  pupil 
was  much  larger  in  diameter. 
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Of  Spectacles. 

The  difcovcry  of  optical  inftruments  may  be 
eftcemed  among  the  moft  noble,  as  well  as  among 
the  moft  u reful  gifts,  which  the  Supreme  Artift 
hath  conferred  on  man.  For  all  admirable  as 
the  eye  came  out  of  the  hands  of  him  who  made 
it,  yet  he  has  permitted  this  organ  to  be  more 
affifted  by  human  contrivance,  than  any  other 
of  the  animal  frame,  and  that  not  only  for  the 
ufes  and  comforts  of  common  life,  but  for  the 
advancement  of  natural  fcience;  whether  by  giv- 
ing form  and  proportion  to  the  minute  parts 
of  bodies,  that  were  imperceptible  to  the  un- 
affifted  fight,  or  by  contracting  fpace,  and  as  by 
magic  art,  bringing  to  view  the  grander  objects 
of  the  univerfe,  which  were  rendered  invifible 
by  their  immenfe  difxance  from  us.  *  Noble  as 
thefe  inventions  are,  the  difcovery  of  fpectacles 
may  ftill  claim  the  fuperiority,  as  being  of  more 
univerfal  benefit,  and  more  extenfive  ufe.  They 
reftore  and  preferve  to  us  one  of  the  moft  noble 
and  valuable  of  our  fenfes ;  they  enable  the  me- 
chanic to  continue  his  labour,  and  earn  a  fub- 
fiftence  by  the  work  of  his  hand,  till  the  extreme 
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of  old  age.  By  their  aid  the  fcholar  purfues 
his  ftudies,  and  recreates  his  mind  with  intel- 
lectual pleafures,  and  thus  pafles  away  days  and 
years  with  delight  and  fatisfaction,  that  might 
Dtherwife  have  been  devoured  by  melancholy,  or 
wafted  by  idlenefs. 

As  fpectacles  are  defigned  to  remedy  the  de- 
fects of  fight,  it  is  natural  to  wim,  that  the 
materials  of  which  they  are  formed  mould  be 
as  pei  feci  as  the  eve  itfelf;  but  vain  is  the  wifh, 
for  the  materials  we  ufe,  like  every  thing  human, 
are  imperfect,  and  yet  we  may  deem  ourfelves 
happy,  to  have  in  glafs  a  fubftitute  fo  analagous 
to  the  humours  of  the  eye,  a  fubftance  which 
gives  new  eyes  to  decrepid  age,  and  enlarges  the 
views  of  philofophy.  The  two  principal  defecls 
are,  fmall  threads  or  veins  in  the  glafs,  and  minute 
fpecks.  The  threads  are  moft  prejudicial  to 
the  purpofes  of  vifion,  becaufe  they  refract  the 
rays  of  light  irregularly,  and  thus  diftort  the 
object,  and  fatigue  the  eye;  whereas  theTpecks 
only  leflen  the  quantity  of  light,  and  that  in  a 
very  fmalji  degree. 
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General    Rules    for   the   Choice  or 
Spectacles. 

The  mod  general,  and  perhaps  the  belt  rule 
that  can  be  given,  to  thofe  who  are  in  want  of 
affiftance  from  glaffes,  in  order  fo  to  choofe  their 
fpeftaclcs,  that  they  may  fuit  the  flate  of  their 
eyes,  is  to  prefer  thofe  which  mew  objects  neareit 
their  natural  flate,  neither  enlarged  nor  dimi- 
niflied,  that  give  a  blacknefs  and  diftinctnefs  to 
the  letters  of  a  book,  neither  (training  the  eye, 
nor  caufing  any  unnatural  exertion  of  the  pupil. 

For  no  fpectacles  can  be  faid  to  be  properly 
accommodated  to  the  eyes,  which  do  not  pro- 
cure them  eafe  and  reft  ;  if  they  fatigue  the  eyes, 
we  may  fafely  conclude,  either  that  we  have  no 
occalion  for  them,  or  that  they  are  ill  made,  or 
not  proportioned  to  our  fight. 

Though,  in  the  choice  of  fpectacles,  every  one 
mull  finally  determine  for  himfelf,  which  are 
the  glafles  through  which  he  obtains  the  moft 
diftinct  vifion ;  yet  fome  confidence  Ihould  be 
placed  in  the  judgment  of  the  artift,  of  whom 
they  are  purchafed,  and  fome  attention  paid  to 
his  dire&ions.  By  trying  many  fpedlacles  the 
5  c>'c 
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eye  is  fatigued,  as  the  pupil  varies  in  fize  with 
every  different  glafs,  and  the  eye  endeavours  to 
accommodate  itfelf  to  every  change  that  is  pro- 
duced. Hence,  the  purchafer  often  fixes  upon 
a  pair  of  fpectacles,  not  the  beft  adapted  to 
his  fight,  but  thofe  which  feem  to  relieve  him 
moft,  while  his  eyes  are  in  a  forced  and  unna- 
tural Rate;  arid  confequently,  when  he  gets  home, 
and  they  are  returned  to  their  natural  ftate,  he 
finds  what  he  had  chofen,  fatiguing  and  in- 
jurious to  his  fight. 

Of   Preservers,   and  Rules  for  the 
Preservation  of  the  Sight.  • 

Though  it  may  be  impoflible  to  prevent  the 
abfolute  decay  of  fight,  whether  arifing  from  age, 
partial  difeafe,  or  illnefs,  yet  by  prudence  and 
good  management,  it's  natural  failure  may  cer- 
tainly be  retarded,  and  the  general  habit  of  the 
eyes  ftrengthenedi  which  good  purpofes  will  be 
promoted  by  a  proper  attention  to  the  following 
maxims. 

i.  Never  to  fit  for  any  length  of  time  in  ab- 
folute gloom,  or  expofed  to  a  blaze  of  light. 
The  reafons  on  which   this  rule  is  founded, 

prove  the  impropriety  of  going  haftily  from  one 
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extreme  to  the  other,  whether  of  darknefs  or  of 
light,  and  mew  us,  that  a  fouthern  afpect  is 
improper  for  thofe  whofe  fight  is  weak  and 
tender. 

2.  To  avoid  reading  a  fmall  print. 

3.  Not  to  read  in  thedulk;  nor,  if  the  eye:- 
be  difordered,  by  candle-light.  Happy  thofe 
who  learn  this  leffon  betimes,  and  begin  to  pre~ 
ferve  their  fight,,  before  they  are  reminded  by 
pain,  of  the  necefficy  of  fparing  them;  the 
frivolous  attention  to  a  quarter  of  an  hour  of  the 
evening,  has  coft  numbers  the  perfect,  and  com- 
fortable ufe  of  their  eyes  for  many  years  :  the 
mifchief  is  effected  imperceptibly,  the  confe- 
quences  are  infeparable. 

4.  The  eye  mould  not  be  permitted  to  dwell 
on  glaring  objects,  more  particularly  on  firft 
waking  in  a  morning;  the  fun  fhould  not  of 
courfe  be  fuffered  to  mine  in  the  room  at  that, 
time,  and  a  moderate  quantity  of  light  only  be 
admitted.  It  is  eafy  to  fee,  that  for  the  fame 
reafons,  the  furniture  of  a  bed  fhould  be  neither 
altoge  ther  of  a  white  or  red  colour;  indeed,  thofe 
whofe  eyes  are  weak,,  would  find  confiderable 
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advantage  in  having  green  for  the  furniture  of 
their  bed-chamber.  Nature  confirms  the  pro- 
priety of  the  advice  given  in  this  rule  :  for  the 
light  of  the  day  comes  on  by  flow  degrees,  and 
green  is  the  univerfal  colour  me  prefents  to  our 
eyes. 

5.  The  long-fighted  mould  accuflom  them- 
felves  to  read  with  rather  lefs  light,  and  fome- 
what  nearer  to  the  eye  than  what  they  naturally- 
like;  while  thofe  that  are  fhort- lighted,  mould 
rather  ufe  themfelves  to  read  with  the  book  as 
far  off  as  poffible.  By  this  means,  both  would 
improve  and  ftrengthen  their  fight;  while  a 
contrary  courfe  will  increafe  it's  natural  im- 
perfections. 

There  is  nothing  which  preferves  the  fight 
longer,  than  always  ufing,  both  in  reading  and 
writing,  that  moderate  degree  of  light  which  is 
bcffc  fuited  to  the  eye;  too  little  {trains  them,  too 
great  a  quantity  dazzles  and  confounds  them. 
The  eyes  are  lefs  hurt  by  the  want  of  light,,  than 
by  the  excefs  of  it ;  too  little  light  never  does  any 
harm,  unlefs  they  are  flrained  by  efforts  to  fee 
objects,  to  which  the  degree  of  light  is  in- 
adequate; but  too  great  a  quantity  has,  by  it's 
own  power,  deftroyed  the  fight.  Thus  many 
have  brought  on  themfelves  a  cataract,  by  fre- 
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quently  looking  at  the  fun,  or  a  fire  ;  others  have 
loft  their  fight,  by  being  brought  too  fuddenly 
from  an  extreme  of  darknefs  into  the  blaze  of  day. 
How  dangerous  the  looking  upon  bright  luminous 
objects  is  to  the  light,  is  evident  from  it's  effects 
in  thofe  countries  which  are  covered  the  greater 
part  of  the  year  with  fhow,  where  blindnefs  is 
exceeding  frequent,  and  where  the  traveller  is 
obliged  to  cover  his  eyes  with  crape,  to  prevent 
the  dangerous,  and  often  fudden  effects  of  too 
much  light:  even  the  untutored  favage  tries  to 
avoid  the  danger,  by  framing  a  little  wooden 
cafe  for  his  eyes,  with  only  two  narrow  Hits. 
A  momentary  gaze  .at  the  fun,  will,  for  a  time, 
unfit  the  eyes  for  vifjon,  and  render  them  infenfi- 
ble  to  impreffions  of  a  milder  nature. 

The  following  cafes  from  a  fmall  tract  on 
the  "  Fabric  of  the  Eye,"  are  fo  applicable  to 
the  prefent  article,  as  to  want  no  apology  for 
their  infertion  here ;  though  if  any  were  necef- 
fary,  the  ufe  they  will  probably  be  of  to  thofe 
whofe  complaints  arife  from  the  fame  or  fimila-r 
caufes,  would,  I  prefume,  be  more  than  fu£- 
ficient. 

"  A  lady  from  the  country,  coming  to  refide 
ra  St.  James's-fquare,  was  afflicted  with  a  pain  in 
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her  eye,  and  a  decay  of  fight.  She  could  not 
look  upon  the  ftones,  when  the  fun  (hone  upon 
them,  without  great  pain.  This,  which  me 
thought  was  one  of  the  fymproms  of  her  dis- 
order, was  the  real  caufe  of  it.  Her  eyes,  which 
had  been  accuftomed  to  the  verdure  of  the  coun- 
try, and  the  green  of  the  paflure  grounds  before 
her  houfe,  could  not  bear  the  violent  and  un- 
natural glare  of  light  reflected  from  the  ftones; 
fhe  was  advifed  to  place  a  number  of  Small 
orange  trees  in  the  windows,  fo  that  their  tops 
might  hide  the  pavement,  and  be  in  a  line  with 
the  grafs.  She  recovered  by  this  fimple  change 
in  the  light,  without  the  affiftance  of  any  medi- 
cine ;  though  her  eyes  were  before  on  the  verge 
of  .little  lefs  than  blindnefs." 

"  A  gentleman  of  the  law  had  his  lodgings  in 
Pall-mall,  on  the  nortlufide,  his  front  windows 
were  expofed  to  the  full  noon  fun,  while  the 
back  room,  having  no  opening,  but  into  a  fmall 
clofeyardj  furrounded  with  high  walls,  uas  very 
dark;  he  wrote  in,  the  back  room,  and  ufed  to 
come  from  that  into  the  front  to  brcakfafl,  &c. 
his  fight  grew  weak,  and  he  had  a  conflant  pain 
in  the  balls  of  his  eyes  ;  he  tried  vifual  glaflcs, 
and  fpoke  with  oculifls,  equally  in  vain.  Be- 
ing foon  convinced,  that  discerning  Suddenly 
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out  of  his  du(ky  ftudy,  into  the  full  blaze  of 
ftm-fhine,  and  that  very  often  in  the  day,  had 
been  the  real  caufe  of  his  diforder;  he  took  new 
lodgings,  by  which,  and  forbearing  to  write  by 
candle-light,  he  was  very  foon  cured." 

Blindnefs,  or  at  leaft  miferable  weakneffes  of 
fight,  are  often  brought  on  by  thefe  unfufpe&cd 
caufes.  Thofe  who  have  weak  eyes,  mould 
therefore  be  particularly  attentive  to  fuch  cir- 
cumftances,  fince  prevention  is  eafy,  but  the 
cure  may  be  difficult,  and  fometimes  impracti- 
cable. 

I  hope  I  mail  not  be  thought  to  have  ftepped 
improperly  out  of  the  line  of  my  profeffion,  in  re- 
commending the  following  remedy,  when  a  decay 
or  weaknefs  of  fight  comes  on  earlier  than  might 
reafonably  be  expected,  and  without  any  difeafe, 
or  other  apparent  caufe;  if  it  does  not  anfu  er 
the  purpofe,  no  ill  will  attend  the  ufe  of  it. 
Put  two  ounces  of  rofemary  leaves  into  a  bottle, 
with  a  pint  of  brandy,  make  it  once  or  twice  a 
day;  let  this  ftand  three  days,  then  ftrain  it  off; 
mix  a  tea  fpoonful  of  the  clear  tincture  with  four 
tea  fpoonfuls  of  warm  water,  and  wafli  the  infide 
of  the  eye  with  it  every  night,  moving  about  the 
eye-lids,  that  foml^ef  it  may  get  perfectly  in 
2  •  between 
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between  the  lid  and  the  eye.  By  degrees  put 
lefs  and  lefs  water  to  the  tindture,  till  at  length  i 
tea  fpoonful  of  each  may  be  mixed  for  ufe. 

Whatfoever  care,  however,  be  taken,  and 
though  every  precaution  be  attended  to  with 
fcrupulous  exactnefs ;  yet  as  we  advance  in  years, 
the  powers  of  our  frame  gradually  decay,  an 
effect  which  is  generally  firft  perceived  in  the 
organs  of  vifion. 

Age  is,  however,  by  no  means  an  abfolute 
criterion,  by  which  we  can  decide  upon  the  fight, 
nor  will  it  prove  the  neceflity  of  wearing  fpec- 
tacles.  For,  on  the  one  hand,  there  are  many 
whofe  fight  is  preferved  in  all  it's  vigour,  to  an 
advanced  old  age;  while,  on  the  other,  it  may  be 
impaired  in  youth  by  a  variety  of  caufes,  or  be 
vitiated  by  internal  maladies;  nor  is  the  defect: 
either  the  fame  in  different  perfons  of  the  fame 
age,  or  in  the  fame  perfon  at  different  ages;  in 
fome  the  failure  is  natural,  in  others  it  is  ac- 
quired. 

From  whatever  caufes  this  decay  arifes,  an 
attentive  consideration  of  the  following  rules, 
will  enable  every  one  to  judge  for  themfelves, 
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when  their  fight  may  be  aflifted  or  preferved  by 
the  ufe  of  fpectacles. 

1.  When  we  are  obliged  to  remove  fmall 
pbjects  to  a  cpnfiderable  diftance  from  the  eye, 
in  order  to  fee  them  diflinctly. 

2.  If  we  find  it  necefTary  to  get  more  light 
than  formerly;  as  for  inftance,  to  place  the  candle 
between  the  eye  and  the  object. 

3.  If  on  looking  at,  and  attentively  confider- 
ing  a  near  object,  it  becomes  confufed,  and  ap- 
pears to  have  a  kind  of  mift  before  it. 

4.  When  the  letters  of  a  book  run  one  intq 
the  other,  and  hence  appear  double  and  treble. 

5.  If  the  eyes  are  fo  fatigued  by  a  little  ex- 
crcife,  that  we  are  obliged  to  fhut  them  from 
time  to  time,  and  relieve  them  by  looking  at 
different  objects. 

When  all  thefe  circumftances  concur,  or  any 
qf  them  feparately  take  place,  it  will  be  neceffary 
to  feek  afliftance  from  glafies,  which  will  now 
eafe  the  eyes,  and  in  fome  degree  check  their, 
^ndency  to  grow  flatter ;  whereas  if  they  be  not 
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affifted  in  time,  the  fiatnefs  will  be  considerably 
increafed,  and  the  eyes  be  weakened  by  the  effort? 
shey  are  compelled  to  exert. 

We  are  now  able  tp  decide  upon  a  very  im- 
portant queftion,  and  fay  how  far  fpeclacles  may 
be  faid  to  be  preservers  of  the  sight.  It  is 
plain  they  can  only  be  recommended  as  fuch,  tq 
thofe  whofe  eyes  are  beginning  to  fail ;  and  it 
would  be  as  abfurd,  to  advife  the  ufe  of  fpecla- 
cles to  thofe  who  feel  none  of  the  foregoing 
inconveniences,  as  it  would  be  for  a  man  in 
health  to  ufe  crutches  to  fave  his  legs.  But  thofe 
who  feel  thofe  inconveniences,  fliould  imme- 
diately take  to  fpeclacles,  which,  by  enabling 
them  to  fee  objecls  nearer,  and  by  facilitating  the 
union  of  the  rays  of  light  on  the  retina,  will  fup- 
port  and  preferye  the  fight. 

When  the  eye  fenfibly  flattens,  all  delay  is  dan- 
gerous; and  the  longer  thofe  w  ho  feel  the  want 
qf  a  fli  fiance,  defer  the  ufe  of  fpeclacles,  the  more 
they  will  increafethe  failure  of  the  eye  :  there  are 
too  many  who  procran1  inate  the  ufe  of  them,  till 
at  lafk  they  are  obliged  to  ufe  glafies  of  ten  or 
twelve  inches  focus,  inftead  of  thofe  of  36  or  40, 
\yhich  would  otherwife  have  fuited  them  ;  thus 
preferring  a  real  evil,  to  avoid  one  that  is  imagi- 
nary. 
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nary.  Mr.  Thomin  mentions  fevcral  deplorable 
cafes  of  this  kind,  particularly  one  of  a  lady,  who, 
through  falfe  mame,  had  abftained  from  wearing 
fpedtacles  fo  long  a  time,  that  at  laft  it  was  im- 
poflible  to  fuit  her,  but  with  thofe  adapted  to  eyes 
that  have  been  couched.  Whereas  the  inftances 
are  numerous  of  thofe  who,  by  ufing  glafles  of  a 
long  focus  at  the  firft  approaches  of  long-fighted- 
nefs,  have  brought  back  their  eyes  to  their  natural 
fight,  and  been  able  to  lay  afide  their  fpeclacles 
for  years. 

Theie  confidcrations  point  out  clearly  the  ad- 
vantages that  may  be  obtained  by  a  proper  choice 
of  fpectacles  on  firft  wearing  them,  and  the  im- 
portance of  making  fuch  a  choice  ;  as  the  eye 
will  endeavour  to  conform  itfclf  to  any  improper 
focus,  and  thus  be  brought  into  a  ftate  of  extreme 
age,  at  a  much  earlier  period  than  would  have 
happened,  had  they  been  fuited  with  judgment. 
There  are  very  few  opticians  but  what  muft  have 
feen  inftances  of  thofe,  who,  by  habituating  their 
eyes  to  too  fhort  a  focus,  or  too  great  a  magnify- 
ing power,  have  fo  injured  thofe  tender  organs, 
as  to  deprive  them  of  future affiftance  from  glafTes. 
This  frequently  happens  to  thofe  who  purchafe 
their  fpeftaclcs  of  hawkers  and  pedlars,  men 
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equally  ignorant  of  the  fcience  of  optics,  and  the 
fabric  of  the  eye. 

Let  it,  therefore,  be  carefully  remembered, 
that  magnifying  power  is  not  the  point  that  is 
mod  to  be  confidered  in  the  choice  of  fpectacles  ; 
but  their  conformity  to  our  fight,  their  enabling 
us  to  fee  diltinctly,  and  with  eafe,  at  the  diftance 
we  were  accuftomed  to  read  or  work,  before  the 
ufe  of  fpectaclcs  became  neceffary  :  or,  in  other 
words,  glaffes  mould  fo  alter  the  difpofition  of  the 
rays,  at  their  entrance  into  the  eyes,  as  will  be 
molt  fuitable  to  procure  diftincl:  virion  at  a  proper 
diftance;  an  end  of  the  higheft  import,  as  in 
this  refpect  it  places  the  aged  nearly  on  a  level 
with  the  young,  and  enables  him  to  read  a  com- 
mon print  with  eafe,  at  a  period  when,  without 
affiftance,  he  could  hardly  diftinguifh  one  letter 
from  another. 

In  proportion  as  the  eye  flattens,  glaffes  of* 
greater  convexity  are  to  be  ufed ;  but  ftill  we 
ihould  be  careful  not  to  go  too  far :  for  if  they 
magnify  too  much,  they  will  fatigue  the  eye. 
The  mod  certain  criterion  of  their  being  too  old 
for  the  actual  ftate  of  the  fight,  is  our  being  obli- 
ged to  bring  the  objects  we  look  at  through  them, 
nearer  the  eye  than  the  common  diftance  of 
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d.iftindt  vifion.  All  glalTcs  that  caufe  us  to  depart 
much  on  cither  fide  from  the. .limits  of  diltinct 
vifion,  may  be  confidercd  as  ill  adapted,  and 
prejudicial  to  the  fight. 

Thofe  who  are  careful  in  following  a  regular 
gradation,  may  preferve  their  eyes  to  the  lateft 
period  of  old  age,  and  even  then  be  able  to  enjoy 
the  comforts  and  pleafures  that  arife  from  diftinct 
vifion.  Do  not,  therefore,  precipitate  thefe 
changes,  left  you  mould  abforb  too  foon  the  re- 
fources  of  art,  and  not  be  able  to  find  fpectacles 
of  fufficier.t  power  to  relieve  the  eye.  One  pre- 
caution more  is  necefTary  :  by  no  means  put  on 
any  fpeflacles  but  your  own  ;  for  taking  up,  and 
wearing  glaffes  different  from  thofe  to  which 
your  eye  is  accommodated,  has  the  fame  ill  effect 
as  trying  a  variety  at  an  optician's  fhop  ;  this  va- 
riety fatigues  and  diflurbs  the  fight;  all  irregularity 
is  injurious,  and  much  of  the  prefervation  of  the 
fight  depends  upon  keeping  it  uniform,  as  well 
with  regard  to  the  glaffes,  as  the  degrees  of  light. 

There  are  many  who  find  the  effect  of  candle- 
light fo  different  from  the  purer  light  of  day, 
that  they  are  obliged  to  ufe  fpectacles  by  night, 
though  they  can  do  very  well  without  them  in  the 
day.   Thefe,  when  the  eye  has  become  more  flat, 
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will  find  it  advifeable  to  have  two  pair  of  fpec- 
tacles,  one  to  ufe  by  day,  the  other,  magnifying 
fomewhat  more,  appropriated  for  the  night ;  by 
this  means,  nearly  the  fame  quantity  of  light  may- 
be brought  to  a£t  upon  the  retina  at  one  time  as 
the  other ;  thus  the  eyes  will  be  lefs  fatigued,  and 
longer  maintain  their  natural  vigour. 

Of  VrsuAL  Spectacles. 

The  natural  defire  of  men  in  trade  to  increafe 
their  bufinefs,  and  extend  their  fame,  has  in 
many  inftances  been  the  origin  of  alterations  and 
inventions,  injurious  to  fcience,  and  detrimental 
to  the  public.  It  is  a  defire,  to  which  all  in  trade 
are,  from  their  fituation,  expofed ;  and  from 
which,  it  may  be  prefumed,  no  one  is  exempt. 

To  this  defire  we  may,  with  propriety,  im- 
pute the  invention  of  vifual  fpectacles  ;  and  as 
pretences  are  feldom  wanting  to  juftify  that  which 
intereft  adopts,  the  inventor  endeavoured,  by 
fpecious  reafons,  to  attract  the  attention  of  thofe 
who  were  not  to  be  captivated  by  mere  novelty. 
But  the  good  fenfe  of  the  world,  which  always, 
in  the  long  run,  juflly  appreciates  the  value  of 
every  invention,  now  leaves  vifual  fpectacles  to 
the  neglect  they  merit;  they  are  worn  by  few, 
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but  thofe  who,  from  long  habit,  have  accuftomed 
their  eyes  to  thefe  pernicious  (hades. 

Among  the  reafons  adduced  by  the  inventor, 
the  following  is  that  upon  which  the  greateft  ftrtfs 
•was  laid,  namely,  that  as  in  telefcopes,  micro- 
fcopes,  &c.  we  are  obliged,  by  proper  apertures, 
to  cut  off  thofe  extraneous  rays  which  tend  to 
render  the  image  confufed  ;  fo,  in  the  fame  man- 
ner, the  quantity  of  light  mould  be  adjufled  in 
fpe£lacles.  To  this  it  was  then  anfwered,  that 
the  cafes  were  by  no  means  analagous,  and  if  they 
were,  the  reafon  alledged  would  operate  againft 
the  ufe  of  vifual  glaffes;  for  as  all  lenfes  bear  an 
aperture  proportional  to  their  focal  length,  a  lens 
of  five  inches  focus,  which  is  one  of  the  morteft 
in  general  ufe,  would  bear  a  much  larger  aperture 
than  the  diameter  of  any  fpectacle  eye;  but  there 
was  furelv  no  need  of  apertures  toglaffes,  applied 
clofe  to  the  eye,  whofe  pupil  is  formed  by  nature 
to  adapt  itfelf  to  every  degree  of  light;  and  we 
fhould  in  all  cafes,  leave  the  eyes  as  much  as 
poflible  to  their  own  exertions  and  uniform 
mode  of  a&ing.  Confidered  as  a  made  or  fcreen, 
the  horn  rims  of  the  vifual  glafTes  are  imperfect 
and  detrimental,  they  are  alfo  inconvenient  in 
ufe  ;  for  if  the  line  to  be  read  is  long,  the  head 
muft  be  in  continual  motion,  to  fee  the  wordfi 
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which  are  obftrudted  by  the  opake  rim  ;  to  thefe, 
and  many  other  reafons  which  might  be  ad- 
duced, we  may  add  the  proofs  derived  from  ex- 
perience and  observation  :  by  thefe  I  am  fully 
convinced,  that  they  are  injurious  to  the  eye,  and 
that  in  general  thofe  who  wear  them,  ufe  glalFes 
of  a  fhorter  focus  than  thofe  who  wear  the  com- 
mon fort. 

If  from  the  weaknefs  of  the  eye  a  (hade  be 
neceffary,  let  it  be  fuch  a  one  as  is  pointed  out 
by  nature :  (he  teaches  us,  that  thofe  whofe  eyes 
are  deep  fet,  have  the  cleareft  and  ftrongeft  light; 
and  that  whenever  we  find  the  light  too  ftrong 
we  pull  down  our  eye-brows,  and  if  this  be  not 
Sufficient,  put  our  hand  over  our  eyes;  by  this 
we  are  instructed,  that  the  beft  forms  for  a  made 
is  one  fitted  to  the  forehead,  and  projecting  from 
it  2  or  3  inches. 

It  may  not  be  improper  in  this  place  to  fay 
a  word  or  two  refpedting  fhades  or  fcreens  for 
candles.  I  am  clearly  of  opinion,  that  all  opake 
fhades  are  detrimental  to  the  eye,  as  well  from 
the  very  irregular  reflections  of  the  light,  from 
the  paint  on  the  infide  of  them,  as  from  the  valt 
contrail:  into  which  the  eye  is  thrown,  when  it 
removes  from  the  reflected  light,  that  is,  from 
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an  extreme  of  brightnefs  to  gloominefs  and  ob- 
fcurity.  In  the  place  of  chefe,  I  would  recom- 
mend a  conical  lliade  of  white  paper,  moderately- 
thick;  this  will  throw  a  firong  fteady  light  down 
On  the  book,  &c.  it  will  preferve  the  eye  from 
the  luminous  brightnefs  and  glare  of  the  can- 
dle, and  not  darken  the  room  too  much.  Here  I 
cannot  refrain  from  obferving,  that  the  clear 
white  light  of  Argand's  lamps  muft  be  very  pre- 
judicial to  the  fight ;  there  are  purpofes  to  which 
they  may  be  applied  wuh  advantage,  but  then 
it  mould  be  where  their  light  is  modified  before 
it  reaches  the  eye. 

•   Of  Spectacles  with  coloured  Glasses. 

It  may  be  more  difficult  to  decide  upon  the 
merit  of  fpeclacles  with  coioured  glafs,  than 
of  thofe  with  vifuals ;  yet  upon  the  whole, 
there  is  rcafon  to  think,  that  they  are  rather  of 
dif-fervice  than  of  any  ufe  to  the  eye,  and  that 
the  grounds  upon  which  it  has  been  fuppofed 
that  they  would  be  advantageous  to  the  fight,  arc- 
weak  and  fallacious. 

Green  glalTes  have  been  recommended  on  two 
accounts,  firft,becaufe  green  is  univerfally  allow- 
ed to  be  one  of  the  pleafanteft  colours  we  look  at, 
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«nd  is  found  to  ftrengthen,  comfort,  and  preferve 
the  fight:  fecondly,  as  they  are  fuppofed  to 
weaken  the  impreffion  of  the  rays  of  light  on  the 
retina,  and  therefore  to  be  well  adapted  to  thofe 
whofe  eyes  are  weak  and  tender. 

To  the  firft  reafon,  it  may  be  fufficient  to  anfwer, 
that  though  green  is  a  pleafant  colour  to  look  at, 
it  is  by  no  means  fo  to  look  through;  for  all  ob- 
jects, when  viewed  through  green  glafs,  appear 
of  a  muddy  yellow,  tinged  by  a  gloomy  green; 
they  are,  however,  not  only  unpleafant,  but  there 
arecircumftances  attending  the  ufe  of  them,  which 
make  it  highly  probable,  that  they  are  prejudi- 
cial to  the  fight,  and  have  not  the  tendency  which 
is  generally  attributed  to  them,  of  lelTening  the' 
aclion  of  the  rays  of  light  on  the  eye. 

After  looking  at  the  fun  for  a  fhort  time,  Ihut 
your  eyes,  and  you  will,  for  fome  time  after  they 
have  been  fhut,  continue  to  fee  his  image;  but 
it's  brightnefs  will  gradually  diminiih,  affuming, 
fucceflively,  colours  lefs  and  lefs  bright  and 
lively,  being  firft  red,  afterwards  yellow,  then 
green,  blue,  and  laftly,  violet ;  now  thefe  colours 
are  attributed  to  the  violent  agitation  excited  in 
the  retina,  by  the  rays  of  light;  the  re-action  and 
vibrations  produce  the  fenfation  of  colour,  the 
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ftrongeft  thofe  of  red,  the  weaker  thofe  of  yellow, 
&c.  Something  very  fimilar  to  this  happens  to 
moil  people,  on  their  firtt  wearing  green  glaffes, 
for  on  taking  them  off,  they  generally  fin  pi  white 
objects  tinged  with  red;  a  clear  and  fufficient 
proof,  that  they  are  not  favourable  to  the  eye. 

Further,  unlefs  they  are  continually  wore,  the 
contraft  between  the  object  feen  through  them, 
and  feen  without  them,  muft  be  difadvantageous 
in  it's  effects;  as  contrary  to  that  uniformity, 
which  we  have  already  obferved,  to  be  fo  necef- 
fary  to  the  prefervation  of  the  eyes. 

But  there  is  a  flill  greater  inconvenience;  the 
eye,  by  conftant  ufe,  fo  habituates  itfelf  to  them, 
as  not  to  be  able  to  fee  with  eafe  in  fpeclaeles  of 
another  colour:  now  as  the  eye  grows  flatter,  it 
wants  glaffes  of  a  greater  convexity  ;  but  as  the 
convexity  incieafes,  the  green  glafles  become 
more  opake,  and  thus  lefs  fit  for  vifion,  affording 
Jealt  affiftance  when  the  eye  wants  it  molt. 
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Of  Reading-Glasses. 

Though  the  effects  of  time  are  the  certain  and 
inevitable  portion  of  all,  who  live  to  an  ad- 
vanced age,  and  are  neither  to  be  retarded  by 
riches,  nor  prevented  by  wifdpm;  yet  fuch  are 
the  weakncfTes  of  the  human  mind,  and  fuch  the 
partialities  of  felf-love,  that  we  all  endeavour  to 
conceal,  from  ourfelves  and  others,  the  ap- 
proaches of  age;  and  no  one  likes  to  appear  as 
haftening  to  that  bourne  from  which  none  have 
returned. 

Thefe  propenfities  give  rife  to  a  variety  of 
artifices,  by  which  each  individual  endeavours  to 
hide  from  himfelf  and  others,  what  no  artifice 
can  conceal,  and  which  every  one  can  difcover, 
in  all  but  himfelf ;  but  then,  thefe  endeavours 
often  contribute  to  haften  the  evils  they  are 
meant  to  conceal.  Opticians  have  daily  expe- 
rience of  the  truth  of  thefe  obfervations,  and  they 
are  in  no  inftance  more  fully  verified,  than  in  the 
preference  given  by  many  to  reading-glafTes, 
(under  whatever  pretext  it  may  be  covered,) 
merely  becaufe  they  think,  that  the  decay  of  their 
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fight,  and  their  advances  in  age,  arc  lefs  con- 
fpicuous  by  ufing  a  rcading-glafs  than  fpec- 
tacles. 

It  is  evident,  that  the  axes  of  the  eyes  ought 
not  in  any  cafe  to  be  ftrained,  but  that  they 
mould  be  left  at  liberty,  to  follow  the  direction 
they  receive  from  the  mufcles  of  the  eye;  but 
this  is  not  the  cafe  when  a  reading-glafs  is  ufed; 
for  the  eyes,  in  endeavouring  to  fee  by  it,  are  con- 
fiderably  ftrained,  and  in  a  fhort  time  much 
fatigued  :  but  there  is  another  objection  to  the 
life  of  reading-glaffes,  which  arifes  from  the  un- 
fteadinefs  of  the  hand,  and  the  motion  of  the 
head,  which  occafion  a  perpetual  motion  of  the 
glalTes,  for  the  eye  endeavours  to  conform  itfelf 
to  each  change,  and  this  tender  organ  is  thereby 
kept  in  continual  agitation:  to  thefe  evils  we 
may  add,  the  dazzling  glare  and  irregular  reflec- 
tion from  the  furface  of  the  glafs,  which  fo  wea- 
ken the  eyes,  that  thofe  who  accuftom  themfelves 
to  a  reading-glafs,  are  in  a  fhort  time  obliged  to 
take  to  fpe&acles,  and  to  ufe  them  much  older 
than  they  otherwife  would  have  done. 
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To  this  it  may  be  added,  that  fpectacles  are 
preferable,  not  only  as  more  conformable  to  the 
nature  and  action  of  the  eye,  but  they  are  alfo 
more  convenient  •  the  fpace  between  the  face  and 
the  object  is  left  open  and  free,  and  they  are 
moved  infenfibly  by  the  natural  motion  of  the 
head,  they  alfo  (hew  objects  more  clear  and  more 
diftind:  than  a  broad  lens,  becaufe  their  glaflbs 
are  thinner,  and  placed  exactly  before  each  eye. 

To  obviate  fome  of  thefe  inconveniencies,  my 
father  contrived  a  kind  of  fubftitute  for  fpec- 
tacles,  which  are  convenient  for  looking  at  any 
occafional  object,  and  not  injurious  to  the  eyes; 
this  kind  is  reprefented  at  fig.  8.  In  thefe 
both  eyes  are  ufed  at  once,  without  any  effort;  by 
being  held  near  the  eye,  the  irregular  reflections 
are  avoided,  and  they  are  at  the  fame  time  ren- 
dered fteady,  by  a  flight  preflure  of  the  middle 
bar  at  the  nofe. 


To 
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To  SUIT  A  GIVEN  Eye  WITH  PROPER  SPECTv\~ 
CLES,  OR  TO  ENABLE  A  GIVEN  Eye  TO  SEE 
DISTINCTLY  AT  A  CERTAIN  DlSTANCE. 

For  this  pUrpofe,  a  rule  is  delivered  by  optical 
writers,  which,  though  it  is  good  in  theory,  is 
liable  to  feveral  exceptions  in  practice,  particu- 
larly as  by  exactly  adhering  to  it,  they  would 
generally  choofe  glafTes  of  too  great  a  magnifying 
power ;  but  as  notwkhftanding  this  defect,  the  data 
it  requires  may  give  ufeful  information  to  the 
optician,  for  furnifhing  glafles  to  thofe  who  live 
in  the  country,  we  lhall  infert  it  here. 

Rule. 

To  find  a  convex  lens  fuited  to  a  long-fighted 
eye,  multiply  the  diftance  at  which  the  perfon 
fees  diftinctly,  by  the  diftance  at  which  it  is 
defirable  he  mould  fee  with  the  fpectacles,  and 
divide  the  product,  by  the  difference  between  the 
two  aforefaid  diftances,  the  refult  is  the  focus 
required. 
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Thofe  who,  ufing  fpcctacles,  live  at  a  dhlance 
from  town,  and  think  thofe  they  have  are  not 
accommodated  to  their  fight,  may  receive  in- 
formation whether  they  can  be  better  fu.ted  or 
not,  by  fending  any  fldlful  optician  the  focus  of 
the  glafTes  in  their  fpe&acles,  and  the  diftance  at 
which  with  them  they  can  read  a  fmall  print. 

To  find  the  focus  of  a  convex  lens,  or  fpectacle 
eye,  firft  by  the  fun's  image,  place  the  lens,  fo 
that  it's  axis  may  be  toward  the  fun  j  then  hold- 
ing a  paper  behind  it,  the  burning  point  or 
where  the  fun's  image  is  fmalleft,  and  where  it's 
limb  diftinctef,  is  the  focus  of  the  lens,  and  the 
diftance  from  this  point  to  the  lens  is  the  diftance 
required. 

Secondly,  fix  a  piece  of  paper  on  the  fide  of 
a  room,  exactly  facing  a  window,  and  remove 
the  lens  from  this,  till  the  images  of  the  molt 
diftant  objects  out  of  doors  are  diftinct,  then  the 
diftance  between  the  lens  and  the  paper  is  the 
required  focal  length:  the  images  will  be  brighter 
the  lefs  the  quantity  of  light  is  admitted  into  the 
room,  except  what  is  directly  oppofed  to  the 
lens. 
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The  foregoing  methods  are  fufficicntly  ac- 
curate for  common  fpeftacles  and  reading-glaUcs, 
but  not  for  lenfes  of  a  long  focu.-;. 

Of  Couched  Eves. 

With  the  difeafes  of  the  eye,  this  fmall  effay 
has  no  concern;  they  have  been  already  well  and 
ably  confidered  by  profeffional  men;  and  it  is 
fcaree  neceffary  to  obferve,  that  in  anatomical 
knowledge,  and  in  the  practical  operations  of 
furgery,  England  now  claims  a  juft  pre-eminence 
over  other  nations. 

But  among  the  various  difeafes  of  this  organ, 
there  is  one  in  which,  after  the  furgeon  has 
quitted  the  patient,  glaffes  are  neceffary,  to  give 
effect  to  the  operation,  and  a  comfortable  fight  of 
objects  to  the  perfon  relieved.  This  difeafe  is 
the  cataract,  a  diforder  affecting  the  crynalline 
humour  of  the  eye ;  when  the  opacity  is  con- 
firmed, this  humour  becomes  fo  opake,  as  fcarcely 
to  admit  any  rays  of  light,  and  prevents  their 
producing  their  ordinary  effects,  and  confequently 
no  image  of  any  object  is  formed,  though  the 
retina,  and  other  organs  of  fight,  are  in  perfect 
order.  There  is  no  diforder  more  deplorable  in 
it's  nature  and  confequences ;  deftructive  of  the 

fight, 
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fight,  often  beyond  the  reach  of  remedy  :  the 
hand  of  the  operator  is  the  only  hope,  and  his 
efforts  are  fometimes  unfuccefstul. 

The  mod  general  caufe  of  this  afflicting  dif- 
order  is  a  violent  inflammation  of  the  eye,  arifing 
either  from  fome  internal  caufe,  or  external  vio- 
lence. It  has  often  been  brought  on  by  frequent 
infpection  of  the  fun,  or  looking  too  long  and  too 
often  at  a  fire.  In  early  ftages  of  the  difeafc, 
it  has  been  known  to  be  removed  by  medicine. 
Of  the  various  remedies,  the  electrical  dream  is 
undoubtedly  the  be  ft ;  there  is  no  difcutient 
known  fo  powerful  in  it's  application,  fo  certain 
in  it's  effects. 

The  affiftance  the  eye  receives  from  the  furgeon 
is  either  by  a  deprcffion  of  the  cryftalline  below 
the  pupil,  or  extracting  the  cataract.  But  as  the 
denfity  of  the  vitreous  humour,  which  fupplies 
the  place  of  the  cryftalline,  is  lefs,  the  rays  of 
light  will  be  lefs  refracted,  and  not  meet  at  the 
retina,  but  at  fome  diftance  behind  it ;  the  fight 
will  therefore  be  imperfect,  except  the  eye  be 
aftifted  with  a  proper  convex  glafs ;  a  fact,  which 
fully  evinces  that  the  change  made  in  our  eyes, 
to  accommodate  them  to  the  diftances  of  objects, 
muft  be  principally  attributed  to  the  cryftalline 

humour. 
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humour.  One  focus  is  feldom  fufficicnt  to  enable 
thofe  v\ho  have  undergone  this  operation,  to  fee 
objects  at  difteient  diflames.  They  .generally 
require  two  pair  of  (pectacles,  one  for  ne^r,  the 
other  for  more  diftaflt  objecls.  The  foci  that  are 
ufed  lay  between  6  and  i  \  inches. 

It  is  not  advifeable  to  ufe  glafles  too  foon  after 
the  operation ;  for  while  the  eyes  are  in  a  de- 
bilitated ftate,  all  exertions  are  not  only  improper, 
but  alfo  very  prejudicial. 

Of  the  Short-sighted. 

In  this  defect  of  the  eyes,  the  images  of  objects 
at  an  ordinary  diflance  unite  before  they  arrive  at 
the  retina,  and  confequently  the  images  formed 
thereon  are  confuted  and  indiftinct.  This  effect 
is  produced  either  by  too  great  a  convexity  in  the 
cornea  and  cryflalline,  or  too  great  a  refractive 
power  in  the  humours  of  the  eye;  or  the  retina 
may  be  placed  too  far ;  or  it  may  arife  from  a 
concurrence  of  all  thefe  circumftances. 

Thofe  who  are  fhort-fighted  can  diftinguifh 
fmaller  objects,  and  fee  clearly  a  given  fmall  ob- 
ject with  lefs  light  than  other  people  ;  the  reafon 
is  evident,  for  the  nearer  the  object  is,  the  more 

light 
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light  enters  the  pupil  ;  being  alfo  more  denfe, 
it's  action  is  more  powerful  upon  the  retina ; 
hence  the  fhort-iighted  can  read  a  fmall  print  by 
moon-mine,  or  in  the  twilight,  when  a  common 
eye  can  fcarce  diftinguifli  one  letter  from  another. 

In  a  ftrong  light  they  can  fee  a  little  farther 
than  they  do  when  it  is  weak  ;  the  ftrength  of  the 
light  caufes  the  pupil  of  their  eyes  to  contract:, 
and  thus  removes  in  fome  degree  the  indiftinct- 
nefs  of  the  objects.  Upon  the  fame  principle  we 
may  account  for  the  fhort-lighted  fo  often  .partly 
(hutting  their  eyelids,  from  whence  they  were 
formerly  denominated  myopes;  by  this  means, 
they  confine  the  bafes  of  the  pencils  of  rays 
which  iflue  from  the  points  of  an  object,  and  thus 
contracl:  the  circle  of  diffipation,  and  leflen  the 
indiftinctnefs  of  virion  :  hence  they  alfo  fee  ob- 
jects more  diftinctly  through  a  fmall  hole,  as  that 
made  by  a  pin  in  a  card. 

It  is  a  common  obfervation,  that  the  (hort- 
fighted  do  in  general  prefer  a  fmall  print  to  a 
large  one,  and  that  they  ufually  write  a  fmall 
hand  j  for  by  the  proximity  the  letters  are  magni- 
fied, and,  being  fmall,  they  take  in  a  greater 
number  at  one  view ;  they  hold  the  book  they  are 
reading  in  generally  inclined  to  one  fide,  in  order 

to 
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to  attain  a  greater  degree  of  illumination.  As 
they  can  only  fee  di(\in6tly  objects  that  are  near, 
they  are  obliged,  by  a  ftrong  effort  of  the  mind, 
to  caufe  the  axes  of  the  eyes  to  converge  •  this 
effort  being  painful,  obliges  them  often  to  turn 
away  one  of  their  eyes,  which  producing  double 
vilion,  they  are  obliged  to  ihut  it. 

As  thofe  who  are  very  fhort-fighted  do  nor. 
perceive  the  motion  of  the  eyes  and  features,  they 
feldom  look  attentively  at  thofe  with  whom  they 
are  converfing  :  it  is  from  this  circumflance  that 
Pliny  terms  the  prominent-eyed  hebetiores,  not 
that  this  defect  in  light  impairs  genius,  or  leffens 
the  powers  of  the  mind  ;  but  as  it  deprives  them 
of  the  rapid  communications  that  are  made  by 
the  eye,  it  apparently  lelfens  that  vivacity  of  con- 
ception, which  always  accompanies  a  vigorous 
mind. 

Happily  for  the  Ihort-fighted,  the  principal 
inconveniences  of  their  fight  may  be  remedied  by 
the  ufe  of  concave  glaffes;  by  their  afliftance, 
thofe  whofe  fphere  of  diftincT:  virion  fcarce  ex- 
tended beyond  their  arm,  are  enabled  to  diftin- 
guifli,  very  fatisfactorily,  objects  at  a  confiderable 
diftance ;  the  concave  lens  produces  diftincl: 
vilion,  by  cauling  the  rays  to  diverge  more,  and 
-j  unite 
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unite  at  the  retina,  inftead  of  meeting  before  they 
reach  the  bottom  of  the  eye. 

In  the  choice  of  glaiTes  for  the  fliort-fighted, 
no  rules  can  be  Jaid  down  ;  it  is  a  defect  that  has 
no  connection  with  age,  no  {rated  progrefiion 
that  can  be  a  foundation  to  guide  the  optician,  or 

d  him  to  recommend  one  glafs  in  preference  to 
another  ;  the  whole  mull  depend  on  the  obferva- 
tion  of  the  fhort-fighrcd  themfelves,  who,  by 
trying  glaiTes  of  different  degrees  of  concavity, 
will  loon  find  out  that  whofe  effedts  are  moft  ad- 
vantageous, producing  diftinct  virion  at  different 
diftances. 

If  the  {fiort-fighted  perfon  is  fo  far  removed 
from  an  optician,  as  not  to  have  any  opportunity 
of  trying  a  variety  of  lenfes,  he  may  be  nearly 
fuited,  by  fending  to  him  the  greater!  diftance 
at  which,  with  his  naked  eye,  he  can  fee 
diftinctly  ;  he  will,  by  the  following  rule,  be 
enabled  to  fuit  him  with  tolerable  exaflaefs. 

Multiply  the  diftance  at  which  the  {hort- 
fjghted  perfon  fees  diftinctly  with  his  naked  eye, 
by  the  diftance  at  which  it  is  required  he  fhould 
fee  diftinBly  by  a  concave  glafs,  and  divide  the 
product  by  the  difference  between  the  aforefaid 

diftances : 
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diftances :  if  the  required  diftance  be  very  remote^ 
the  glaffes  muft  be  of  that  radii  at  which  they 
fee  difiindly  with  their  naked  eyes. 

The  benefit  the  fhort-fighted  receive  from 
concave  glafles,  is  not  fo  great  as  the  long-fighted 
iind  by  a  convex  lens ;  for  an  object  is  not  only 
magnified,  but  the  eye  receives  alfo  a  larger  pen- 
cil of  light  from  each  vifible  point,  becaufe  the 
rays  enter  lefs  diverging  :  whereas  the  concave 
not  only  diminifhes  the  object  in  fize,  but  it 
lefTens  alfo  the  quantity  of  light,  as  it  renders  the 
rays  more  diverging,  confequently  the  fhort- 
fighted  do  not  fee  remote  objects,  unlefs  they  are 
very  large  and  bright,  fo  well  through  a  concave 
lens  as  theory  promifes  :  for  the  chief  impedi- 
ment to  a  diftinct  view  of  remote  objects,  is  their 
■want  of  light  and  magnitude,  but  both  of  thefe 
a,  concave  lens  increafes. 

It  is  generally  fuppofed,  that  the  fhort-fighted 
become  lefs  fo  as  they  advance  in  years,  as  the 
natural  fhrinking  and  decay  in  the  humours  of 
the  eye  iefTen  it's  convexity,  and  thus  adapt  it 
better  for  viewing  of  diftant  objects:  but  among, 
the  grest  n  imber  of  mort-fighted  that  I  have  ac- 
commodated with  glaffes,  I  have  ever  found  the 
rcvprfe  of  this  theory  to  be  true,  and  the  eyes  of 

the 
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the  myopes  never  required  glafles  lefs  concave, but 
generally  more  concave  as  they  grew  older, 
to  enable  them  to  fee  at  the  fame  diftance. 

Further,  the  effects  of  habit,  which  are  in  moft 
cafes  very  powerful,  but  peculiarl)  lo  in  the  affec- 
tions, o  the  eye,  have  a  natural  tendency  to  in- 
creafe  the  detect  of  the  myopes,  for  by  f.  equently 
looking  clofe  to  objects,  in  order  to  fee  them  dif- 
tinctly,  they  would  make  themlelves  near-fighted, 
though  their  eyes  were  naturally  the  reverfe; 
hence  we  often  find,  that  watch-makers,  en- 
gravers, and  fludious  perlons,  often  bring  on 
this  detect.  By  reading  or  working  at  as  great  a 
dillance  as  pofliole,  and  often  looking  at  remote 
obje:b,  the  degree  of  (hort-lighrednefs  may  be 
mucn  1  fllned.  As  children  in  general  read 
much  nearer  than  grown  perfons,  if  they  are  fuf- 
fered  to  indulge  this  propenfity,  they  become 
naturally  fhort-lighted. 

I  have  found  it  neceffary,  in  fome  inftances,  to 
give  convex  glaffes  to  the  fhort-fighted,  when 
very  far  advanced  in  age,  not  becaufe  their  eyes 
were  groun  lefs  convex,  but  to  give  them  more 
light,  and  counteract  an  extreme  contraction  of 
{he  pupil. 


Great 
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Great  as  are  the  difadvantages  of  the  fhort- 
fightcd,  they  are  lefs,  perhaps,  with  refpect  to  dif- 
tant  objects,  than  is  generally  imagined;  they 
fee  the  brighter  ftars  and  planets,  nearly  as  well 
as  other  people.  They  are  prevented  indeed 
from  diftinguifmng  beyond  a  certain  fmall  dis- 
tance, the  fmall  parts  of  an  object  which  are  very 
vifible  to  another;  thus  they  cannot  diftinguifn 
the  features  of  a  face  acrofs  a  room,  and  as  objects 
are  generally  difcriminated  by  their  minuter 
parts,  their  difadvantage  in  viewing  objects  at  a 
moderate  diftance  is  very  evident.  But  though 
fuch  a  perfon  cannot  difcern  the  minutiae  of  ob- 
jects, unlefs  they  are  very  large  and  very  near 
him  ;  yet  he  can  perceive  any  obje6l  in  the  grofs, 
at  a  confiderable  diftance,  if  it  be  not  too  fmall: 
thus  he  may  perceive  a  man  at  the  diftance  of 
feveral  paces,  but  muft  advance  within  one  of 
two,  before  he  can  determine  who  he  is,  or  call 
him  by  his  name;  he  will  fee  a  large  tree  much 
further,  and  from  experience  in  fuch  cafes,  will 
perceive,  that  a  large  obfeure  object  at  a  great 
diftance  is  an  houfe,  to  the  furprize  of  his  friends 
who  are  acquainted  with  the  nature  of  his  fight. 
On  thefc  principles,  we  may  eafily  account  for  the 
apparent  paradox  of  the  pur-blind,  or  thofe  who 
can  fcarcely  fee  a  fmaU  object  at  arms  length,  yet 
difcoyering  thofe  that  arc  very  remote. 

Of 
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Of    a    Crepuscular    or  Twilight 
Blindness. 

Thofe  that  are  afflicted  with  this  complaint, 
have  their  fight  dull  and  confuted  in  the  even- 
ing and  morning,  difecrning  objects  very  im- 
perfectly at  the  fame  time  and  place  ;  while  thofe 
who  are  bleffed  with  perfect  vifion,  fee  them  dif- 
tinctly. 

Many  years  ago,  thisdiforder  was  epidemical 
in  the  neighbourhood  of  Montpellier,  efpecially 
in  towns  contiguous  to  a  river,  and  among  the 
foldicrs  doing  duty  as  centinels,  expofed  to  the 
damps  and  fogs  of  the  night  feafon;  and  it  was 
judged  to  proceed  from  a  fuperfluous  fcrum  in 
the  mafs  of  blood,  which  affected  and  relaxed 
the  organs  of  vilion,  the  pupil  of  the  eye  was 
much  dilated,  and  the  fenfibility  of  the  retina  lef- 
fened. 

Boerhaave  mentions  a  variety  of  this  diforder, 
which  arofe  from  an  immoveable  ftructure  of 
the  pupil ;  it  did  not,  like  the  other,  give  way 
to  medicine ;  it  is  probable,  that  in  both  cafes, 
electricity  would  be  of  great  ufe. 

I  Of 
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Of  Meridian  Blindness. 

Thefe  can  difcern  objects  in  the  night,  but  are 
unable  to  diftinguilh  them  in  the  day-time. 

Boerhaave  enumerates  two  varieties  of  this 
diforder.  The  firft  proceeds  from  an  opake 
round  fpot,  or  partial  cataract  in  the  middle  of 
the  cryftalline,  exactly  behind,  but  fomewhat 
fmaller  than  the  pupil;  during  the  day,  the  pupil 
is  fo  contracted  as  to  admit  no  rays  of  light,  but 
what  fall  upon  the  opake  fpot,  which,  therefore, 
prevents  the  formation  of  any  image  upon  the 
retina  ;  but  in  the  evening,  the  pupil  is  fo  di- 
lated, as  to  permit  fuch  a  quantity  of  light  as 
will  anfwer  the  purpofes  of  virion. 

This  variety  may  be  removed  by  the  electric 
fluid;  or  if  that  does  not  fucceed,  by  the  couching 
needle. 

The  fecond  variety  arifes  from  fo  extreme  a 
fenfibility  of  the  retina,  that  it  entirely  clofes 
the  pupil  of  the  eye  ;  this  fpecies  generally  yields 
•to  antiphlogiftic  remedies. 


Of 
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Of  an  absolute  Dulness  of  Sight. 

This  kind  of  fight  has  been  generally  con- 
founded with  long-lightednefs,  but  has  lately 
been  ranked,  by  fome  anatomical  writers,  under 
a  diftin.it.  head. 

Both  the  fhort  and  long-fighted,  in  certain 
pofitions,  and  at  certain  diftanccs,  fee  objects 
dii.Vincr.ly,  and  their  fight  is  not  confufed  but  re- 
latively, with  refpect  to  other  difiances,  pofitions, 
and  times;  but  in  the  affection  of  the  eyes  now 
under  consideration,  there  is  an  abfolute  dulnefs 
of  fight,  in  all  places,  at  all  times,  and  in  all 
filiations. 

It  feems  to  depend  on  a  want  of  fenfibility  in 
the  retina,  and  happens  more  efpecially  to  thofe 
who  have  abufed  their  eyes:  it  is  a  difeafe  to 
which,  by  common  people,  a  variety  of  caules  are 
affigned. 

The  principal  fymptoms  are  frequent  varia- 
tions in  the  boundaries  of  diftinct.  vifion  ;  objects, 
when  attentively  conlidered,  appear  confufed,  the 
characters  of  books  feem  to  be  doubled,  moved, 
and  decuflated  ;  the  eyes  being  foon  fatigued,  they 

I  2  are 
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are  frequently  obliged  to  rub  and  (hut  them, 
and  the  pupil  is  fcarcety  moveable,  even  on  a 
fudden  tranfition  from  darknefs  to  light. 

Various  are  the  remedies  prefcribed  by  oculifts 
for  this  diforder,  fome  praifing  fpirituous  refol- 
vents,  while  others  extol  cold  water;  but  all  agree 
in  recommending  the  ufe  of  fpectacles,  with  dou- 
ble convex  glafTes ;  for  as  by  thefe  more  rays  of 
light  are  collected,  and  a  ftronger  impreffion 
made  on  the  retina,  a  confiderable  degree  of  dif- 
tinctnefs  is  promoted. 

Electricity  has  been  recommended  with  fuc- 
cefs,  the  eye  has  been  in  part  reftored,  and  the 
pupil  recovered  it's  power  of  contracting  and 
dilating.* 

Among 

*  The  following  cafe,  which  fully  evinces  the  powers  of 
electricity  in  difeafes  of  the  eye,  was  communicated  to  me 
by  my  very  ingenious  friend,  John  Birch,  Efq.  furgeon  of 
St.  Thomas's  hofpital. 

In  the  year  1786,  Ann  Bone,  aged  57,  was  admitted  into 
St.  Thomas's  hofpital,  under  the  care  of  Mr.  Chandler, 
totally  blind.  After  the  ufual  remedies  had  been  unfuc- 
cefsfully  tried,  fhe  was  fent  to  the  eleftrical  chamber, 
where  Mr.  Whilelocke,  now  furgeon  at  Ramfbury,  had 
the  care  of  the  machine,  under  ihe  direaion  of  Mr.  Birch. 

The 
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Among  the  leffer  maladies  of  the  eyes,  the 
moft  common  is  a  redundance  of  water,  or  of  a 
watery  humour,  which  difturbs  and  impairs  the 
fight.  When  the  eye  is  full  of  water,  letters 
appear  confufed,  and  no  fmall  object  is  fcen  dis- 
tinctly. In  this  cafe  it  is  ufual  to  have  recourfe 
to  fpectacles ;  but  the  author  of  an  excellent  little 
tract  on  the  fabric  of  the  eye*-',  fays,  that  in  this 
diforder  it  is  the  glafs,  not  the  form,  that  is 
neceffary;  and  that  when  it  is  the  extreme  moif- 
lure  of  the  ball  of  the  eye  alone,  which  makes 
objects  appear  confufed,  they  will  be  rendered 
diltinct,  by  placing  a  piece  of  thick  clear  glafs 

I  3  between 

The  fhocks  were  pnfTed  through  the  globe  of  the  right  eye, 
and  the  fight  of  that  eye  was  recovered  in  one  week's  ex- 
periment. The  woman  was  defirous  of  leaving  the  hofpital, 
content  with  the  recovery  of  the  fight  of  one  eye,  and  fear- 
ful of  the  pain  fhe  experienced  from  the  fhock  ;  but  a 
report  of  the  cafe  being  made  to  the  furgeons,  Mr.  Birch 
di retted  the  electric  fluid  from  a  wooden  point  only,  to  be 
poured  into  the  other  eye,  which  perfectly  reftored  the 
fight  of  it,  though  not  in  fo  fhort  a  time.  At  the  end  of 
the  month  fhe  was  difcharged  from  the  hofpital,  perfectly 
cured,  able  to  read,  work,  and  tell  the  time  by  a  watch. 

Several  fimilar  cafes  have  fince  happened,  with  which, 
perhaps,  the  public  may,  in  time,  be  made  acquainted  *, 
though  mod  of  them  are  cafes  of  the  gutta  Icrcna,  the 
cataract:  not  having  been  found  to  yield  to  clc6li icity. 
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between  the  eye  and  the  object:  he,  therefore, 
advifes  the  ufe  of  a  pair  of  fpcctacles,  of  plain 
thick  coach-window  glafs,  without  any  con- 
vexity; the  ufe  of  thcfe  will  forward  the  cure, 
■which  will  foon  be  effected  by  an  application  of 
the  proper  remedies,  care  being  taken  at  the 
fame  time  to  avoid  extremes  of  light. 

Of  Squinting. 

I  hefitated  long,  whether  I  fhould  fay  any 
thing  concerning  this  affection  of  the  eyes,  but 
■was  at  laft  determined,  by  confidering,  that  this 
efTay  might  pafs  into  many  hands,  who  would 
probably  never  fee  thofe  philofophical  and  me- 
dical treatifes,  in  which  this  fubject  has  been 
particularly  handled ;  and  that  I  might,  there- 
fore, be  a  mean  of  communicating  ufeful  know- 
ledge to  thofe  whom  it  would  other  wife  never 
reach. 

It  mud:,  however,  be  confeflcd,  that  after  all 
that  has  been  written  upon  this  fubject,  we  are 
advanced  but  a  very  little  way;  thofe  who  have 
had  fkill  to  make  proper  obfervations,  have 
wanted  opportunity,  and  thofe  who  have  had 
opportunity,  have  been  deficient  either  in  fkill  or 
attention. 

2  Before 
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Before  we  advert  to  the  unpleafing  difpofition 
of  the  eyes,  termed  fquinting,  it  will  be  proper 
to  coniider  that  curious  phenomenon  of  virion, 
by  which  we  are  enabled  to  fee  obje&s  fingle  with 
two  eyes ;   for  two  pictures  of  the  object  are 
formed,  one  on  each  retina,  each  picture  exhibits 
the  object  to  us  in  a  certain  direction,  yet,  we 
in  general  perceive  only  one  object.  Whenever 
we  look  attentively  at  any  object,  the  axes  of 
both  eyes  are  directed  towards  it,  and  we  are  To 
accuftomed  to  turn  both  eyes  towards  the  fame 
place,  that  if  one  eye  be  fhut,  it's  motion  will 
follow  that  of  the  other.  This  concurring  motion 
has  been  one  of  the  reafons  affigned,  why  an 
object  feen  with  both  eyes  appears  fingle ;  but 
this,  like  molt,  other  folutions  of  this  phenomenon, 
is  very  unfatisfactory,  for  the  eye  fees  not  the 
concurrence  of  thefe  imaginary  axes  :  whatever 
be  the  caufe,  we  are  afliired  of  the  fact,  that  when 
both  eyes  look  at  the  fame  object,  the  mind  fees 
that  object  fmgle. 

Dr.  Reid,  who  has  confidered  this  fubject  * 
with  much  attention,  refolves  the  whole  into  a 

I  4  law 

*  Reid's  Inquiry  into  the  Human  Mind,  p.  282. 
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law  of  nature,  laying  it  down  as  a  general  fact, 
or  phaenomcnon  of  virion,  that  in  perfect  human 
eyes,  the  centers  of  the  two  retinae  correspond 
and  harmonize  with  one  another,  and  that  every 
other  point  in  one  retina,  correfponds  with  that 
point  which  is  limilarly  fituated  in  the  other; 
and  when  the  pictures  fall  on  correfponding 
points  of  the  two  retinas,  one  object  only  will  be 
feen,  though  there  fhould  be  really  two ;  and 
the  pictures  falling  upon  the  points  of  the  re- 
tinae that  do  not  correfpond,  will  occafion  two 
vifible  appearances,  although  there  be  but  one 
object.  That  pictures  upon  correfponding  points 
of  each  retina,  raife  in  the  mind  a  fenfation  of 
the  fame  appearance,  as  if  they  had  fallen  upon 
the  fame  point  of  one,  while  pictures  falling  upon 
points  of  the  two  retinae,  which  do  not  corref- 
pond, give  the  mind  the  idea  of  two  diflinct 
objects. 

If  we  diftort  unnaturally  our  eyes  from  their 
parallel  direction,  or  if,  while  we  direct  the  axes 
of  the  two  eyes  to  one  point,  and  at  the  fame 
time  exert  our  attention,  which  is  alfo  un- 
natural, on  another  object,  either  much  nearer 
or  much  further,  in  thele  cafes  we  fee  one  object 
double,  or  two  confounded  in  one. 


The 
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The  laws  of  vifion,  in  the  human  constitution, 
are  wifely  adapted  to  the  natural  ufc  of  the  eyes, 
but  not  to  that  which  is  unnatural;  when  we 
are  obedient  to  the  laws  of  order,  as  manifefled 
in  nature,  we  fee  objects  properly,  but  have  falfe 
appearances  prefented  to  us,  when/ we  ufe  them 
in  an  unnatural  manner.  No  part  of  the  human 
constitution  is  more  to  be  admired,  than  that 
whereby  we  acquire  habits  which  are  found  to 
beufeful,  without  any  defign  or  intention. 

Squinting  is  attributed  to  a  variety  of  caufes ; 
in  many  inllances,  it  is  undoubtedly  owing  to  a 
prevailing  principle  of  human  action,  habit  in- 
duced by  imitation:  at  other  times  to  habit, 
brought  on  from  the  peculiar  eircumftance  in 
w  hich  the  eye  happens  to  be  placed. 

A  new  born  infant  is  incapable  of  fixing  his 
eyes  on  any  object,  he  moves  one  without  moving 
the  other,  or  moving  it  in  a  contrary  direction, 
rolling  them  about,  being  unable  to  difcriminate 
one  object:  from  another;  but  as  the  body  grows 
Wronger,  the  eye  becomes  fortified  and  capable 
of  obeying  the  action,  and  receiving  the  i.n 
fions  of  the  mind,  which  now  directs  the  optical 
axes  towards  the  fame  point,  which  direction 

becomes 
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b«6QmJS  afterwards  To  natural,  that  in  procefs  of 
time  it  can  fcarce  be  altered  even  by  the  efforts 
of  the  will. 

But  while  the  powers  of  the  body  arc  weak, 
if  the  infant  be  fo  placed  in  it's  bed,  or  cradle, 
as  to  view  the  light  or  any  agreeable  object,  from 
one  fide  only,  it  will  probably  .learn  to  fquint; 
for  though  at  firft  he  may  difcern  the  object  with 
both  eyes,  yet  as  this  requires  fome  exertion, 
and  that  perhaps  rather  painful,  he  foon  relaxes 
of  his  lab  our,  and  turns  only  that  eye  which 
is  near  the  object:,  from  which,  if  often  practifed, 
they  form  the  habit  of  moving  their  eyes  dif- 
ferently ;  the  fame  aptnefs  to  turn  their  eyes  in 
contrary  directions  may  be  brought  on,  by  often 
prefenting  to  them,  at  the  fame  inflant,  a  variety 
of  objects. 

A  cold  in  the  head,  a  lownefs  of  fpirits,  or  a 
continued  exertion  or  poring  of  the  eyes,  will 
often  occafion  thofe  to  fquint,  that  are  nor  ac- 
cuftomed  to  do  it  at  other  times.  This  is  pro- 
bably  occafioned  by  a  forenefsor  tendernefs  of  the 
retina,  which  makes  the  impreffions  of  light  fo 
offenfive,  that  the  eyes  are  forced  into  an  un- 
natural direction  ;  that  by  feeing  obfeurely,  pain 

may 
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may  be  avoided:  This  diftcmper  may  be  cured, 
by  tiling  flat  green  glaffes,  or  any  other  contri- 
vance that  will  Jeilen  the  light.  This  forenefs 
may  alfo  be  a  fixed  diflemper  in  one  eye  ;  the 
perfon  will  then  turn  it  on  one  fide,  not  that  he 
may  fee  better,  but  to  avoid  feeing  with  it  at 
all. 

This  defect  may  be  produced  by  a  fpafm  in  the 
mufcles  that  move  the  eye,  or  by  fume  of  them 
being  either  too  {hort  or  too  long,  too  rigid  or 
too  lax.  If,  by  any  of  thefe  means,  the  natural 
equilibrium  be  deftroyed,  the  eye  will  be  turned 
too  much  one  way  ;  among  thefe  caufes,  fome 
are  beyond,  and  others  within,  the  reach  of 
medicine:  of  the  various  tonics  that  may  be  ap- 
plied, electricity  will  probably  be  found  the  mod 
powerful,  and  moll  efficacious. 

An  oblique  pofition  of  the  cryfialline,  or  the 
cornea,  will  occafion  fquinting ;  in  either  of 
.thefe  cafes,  no  afliftance  can  be  derived  from  art. 
The  object  to  which  the  eye  is  directed  is  not 
diftinclly  feen,  becaufe  it's  image  does  not  fall 
upon  thofe  parts  of  the  retina  that  are  beft  fuited 
to  anfwer  the  purpofes  of  vilion. 


One 
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One  part  of  the  retina  is  generally  fuppofed  to 
be  more  fenfible  than  another,  and  that  we  turn 
our  eyes,  fo  that  this  part  may  receive  the  im- 
preffions  of  the  light ;  but  if  this  part  be  awry  in 
one  or  both  eyes,  the  perfon  will  neceffarily 
fquint. 

Mr.  BufFon  and  Dr.  Reid  have  fbewn,  that  the 
greatefr.  number  of  thofe  that  fquint  have  very 
indiftinct  virion  with  one  eye.  Indeed,  M.  BufFon 
afferts,  that  the  true  and  general  caufe  of  this 
difeafe  is  an  inequality  in  the  limits  of  diftinct 
virion  in  the  two  eyes;  when  one  eye  is  more 
feeble  than  the  other,  we  do  not  direct  it  towards 
the  object,  but  make  ufe  of  that  which  is  ftronger. 
Dr.  Jurin  obferves,  that  thofe  who  fquint,  and 
fee  with  both  eyes,  never  at  the  fame  inftant  fee 
the  fame  object  with  both  eyes  ;  for  when  one  eye 
is  turned  directly  towards  an  object,  the  other  is 
drawn  fo  clofe  to  the  nofe,  that  to  it  the  object  is 
jnvifible.  In  fome  fquinting  eyes  he  obferved 
the  diverging  eye  to  be  drawn  under  the  upper 
eyelid,  while  the  other  was  directed  to  the  object. 

Dr.  Rcid  recommends  eleven  fubjecls  of  in^ 
quiry  to  thofe  who  may  meet  with  cafes  of  this 
diforder,  as  neceffary  not  only  for  giving  us  a 
true  infight  into  this  fubject,  but  alfo  for  laying 

the 
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the  foundation  of  a  rational  mode  of  cure;  thefe 
1  (hall  therefore  fubjoin.* 

1.  We  ought  to  inquire  whether  the  fquinting 
pcrfon  fees  equally  well  with  both  eyes  ?  and  if 
there  be  a  defect  in  one,  the  nature  and  degree  of 
that  defect  fhould  be  inveftigated.  The  obferver 
muft  not,  in  this  cafe,  rely  upon  the  teftimony  of 
the  patient ;  but  muft  make  luch  experiments  as 
will  be  proper  for  drawing  a  juft  conclufion.  In 
all  the  fucceeding  heads  of  inquiry,  the  patient  is 
fuppofed  to  fee  fo  well  at  leaft,  with  both  eyes,  as 
to  be  able  to  read  with  cither,  when  the  other  is 
covered. 

2.  When  one  eye  is  covered,  we  muft  fee 
whether  the  other  is  turned  directly  towards  the 
object:.  If  the  fquinting  eye  turns  afide  from  the 
object  when  the  other  is  covered,  it  would  prove 
that  in  that  inftance  De  la  Hire's  famous  hypo- 
thecs was  true.  In  all  the  cafes,  however,  that 
have  been  tried  by  Meflf.  Jurin,  Potterfield,  and 
Reid,  the  contrary  has  taken  place,  and  the  axis 
of  the  fquinting  eye  was  turned  directly  towards 
the  object,  when  the  other  was  covered. 


3.  We 

*  Reid  on  the  Human  Mind. 
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3.  We  ought  to  fee  whether  the  axes  of  the  two 
eyes  follow  each  other,  fo  as  lo  have  always  the 
fame  inclination,  or  form  the  fame  angle,  when 
the  pcrfon  looks  to  the  right  or  to  the  left,  up- 
ward or  downward,  or  llrait  forward:  this  will 
determine  whether  a  fquint  be  owing  to  any 
affeclion  of  the  mufclcs.  In  the  following  heads 
of  inquiry,  the  inclination  of  the  axes  of  the  eyes 
is  fuppofed  to  be  always  the  fame. 

4.  Whether  the  patient  fees  an  object  lingle  or 
double. 

There  is,  probably,  always  a  greater  or  lefs  dif- 
tortion  of  the  eyes  where  there  is  double  virion ; 
yet  it  is  certain  that  there  is  not  always  double 
virion  where  there  is  a  fquint ;  there  are,  perhaps, 
no  inflances  where  double  virion  has  lafted  any 
length  of  time.  In  the  following  inquiry  we 
{hall  take  it  for  granted,  that  the  fquinting  perfon 
fees  objects  fingle. 

5.  Our  next  inquiry  mould  be,  whether  the 
object  is  feen  with  both  eyes  at  the  fame  time,  or 
only  with  that  eye  whofe  axis  is  direBed  towards 
it. 


Moft 
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Moft  writers  before  Dr.  Jurin,  took  it  for 
granted,  that  thofe  who  fquint  fee  objects  Tingle 
with  both  eyes  at  the  fame  time  :  it  is  an  opinion 
unfuppbrted  by  facts,  and  the  truth  of  it  denied 
by  Jurin.  It  is  very  eafy,  in  any  particular  in- 
fiance,  to  decide  the  queftion.  While  the  perfon 
that  (quints  looks  flcadily  at  any  object,  let  the 
obferver  carefully  remark  the  direction  of  both 
eyes,  and  obferve  their  motions ;  and  let  an 
opakebody  be  placed  between  the  object  and  each 
eye  fucceflively.  If  the  patient,  notwithstanding 
this  interpofition,  and  without  changing  the  di- 
rection of  his  eyes,  continues  to  fee  the  object  all 
the  time,  we  may  fairly  conclude  that  he  faw  it 
with  both  eyes  at  once.  But  if  the  interpofition 
of  the  opake  body  between  one  eye  and  the  object 
makes  it  disappear,  then  we  may  be  as  fure  that  it 
is  feen  by  that  eye  only. 

In  the  two  next  articles  we  fuppofe  the  firfl  to 
happen,  according  to  the  generally  received 
hypothecs. 

6.  On  this  fuppofition,  it  ought  to  be  inquired 
whether  the  patient  fees  an  object  double  in  thofe 
cafes,  where  it  appears  double  alfo  to  thofe  who 
do  not  fquint. 


For 
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For  this  purpofe,  let  him  place  a  candle  at  the 
di fiance  of  ten  feet,  and  holding  his  finger  at 
arm's  length  between  him  and  the  candle,  let 
him  obferve  when  he  looks  at  the  candle,  whether 
he  fees  his  finger  with  both  eyes,  and  whether  he 
fees  it  fingle  or  double ;  and  when  he  looks  at 
his  finger,  let  him  obferve  whether  he  fees  the 
candle  with  both  eyes,  and  whether  it  appears 
fingle  or  double. 

If  the  patient  is  found  to  fee  objects  fingle  with 
two  eyes,  not  only  in  the  cafes  wherein  they  appear 
lingle,  but  alfo  where  they  appear  double  to  other 
men,  we  may  conclude,  that  his  fingle  virion 
does  nor  arife  from  correfpondent  points  in  the 
retinas  of  his  eyes,  and  that  the  laws  of  vifion  are 
different  in  him,  from  what  they  are  in  the  reft 
of  mankind. 

If,  on  the  other  hand,  he  fees  objects  double 
in  thofe  cafes  wherein  they  appear  double  to 
others,  we  muft  conclude  that  he  has  correfpond- 
ing  points  in  the  retinas  of  his  eyes,  but  that  they 
are  fituated  unnaturally.  If  the  common  hypo- 
thefis  be  true,  that  one  who  fquints  fees  an  object 
with  both  eyes  at  the  fame  time,  and  yet  fees  it 
fingle,  the  fquint  will  probably  be  of  the  kind 
defcribed  in  this  article  ;  and  we  may  conclude, 

that 
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that  if  a  perfon,  affected  with  fuch  a  fquint  as  we 
have  here  fuppofcd,  could  be  brought  to  the 
habit  of  looking  ftrait,  it  would  be  highly  pre- 
judicial to  the  fight  :  for  he  would  then  fee  every- 
thing double  which  he  faw  with  both  eyes  at  the 
fame  time,  and  objects  diftant  from  each  other 
would  be  confounded  together  ;  his  eyes  are  made 
for  fquinting,  and  the  cure  would  be  worfe  than 
the  difeafe,  as  it  is  far  better  to  fquint,  than  to 
purchafe  the  cure,  by  the  lofs  of  perfect  and  dif- 
tinct  vifion. 

8.  We  may  after  thefe  trials  return  to  the 
hypothefis  of  Dr.  Jurin,  and  fuppofe,  that  the 
patient  when  he  faw  objects  fingle,   notwith-  j 
ftanding  his  fquint,   was  found,  upon  trial,  to 
have  fcen  them  only  with  one  eye. 

The  patient  mult  now  be  advifed  by  repeated 
efforts  to  lefTen  his  fquint,  and  to  bring  the  axes 
of  his  eyes  nearer  to  a  parallel  direction;  we 
have  a  power  of  making  fmall  variations  in  the 
inclination  of  the  optic  axes,  and  this  power 
may  be  greatly  increafed  by  cxercife,  by  per- 
feverance,  and  patience.  If  the  practice  is  begun 
while  the  patient  is  young,  he  will  probably  foon 
learn  to  direct  both  his  eyes  to  one  object, 
When  this  power  is  acquired,  it  will  be  eafy  to 

K  determine, 
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determine,  whether  the  center  of  the  retina?, 
and  points  fimilarly  fituated  with  refpect  to 
thefe  centers,  correfpond  as  in  other  men. 

9.  Let  us  now  fuppofe  this  to  be  the  cafe, 
and  that  he  fees  an  obje£t  fingle  with  both  eyes, 
when  the  axes  of  both  are  dire&ed  to  it. 

It  will  then  be  his  bufinefs  to  acquire  the 
habit  of  looking  ftrait,  as  he  will  thereby  not 
only  remove  a  difagreeable  deformity,  but  con- 
fiderably  improve  his  fight. 

10.  As  the  cafe  mentioned  in  the  ninth  article 
is  not  merely  hypothetical,  but  founded  on  ab- 
folute  fact,  it  will  be  neceffary  further  to  inquire, 
how  it  happens  that  fuch  a  perfon  fees  an  object  at 
which  he  is  looking  only  with  one  eye,  when  both 
are  open  ? 

To  elucidate  this  queQion,  we  muft  again  go 
to  experiment,  and  obferve,  firft,  Whether  our 
patient,  when  he  looks  at  an  object,  does  not 
draw  the  diverging  eye  fo  clofe  to  the  nofe,  that 
it  can  have  no  diftinct  images?  or  fecondly, 
Whether  the  pupil  of  the  diverging  eye  is  not 
covered  wholly,  or  in  part,  by  the  upper  eyelid? 
thirdly,  Whether  the  diverging  eye  is  not  fo 

directed, 
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directed,  that  the  picture  of  the  object  falls  upon 
that  part  of  the  retina,  where  the  optic  nerve 
enters,  and  where  there  is  no  virion?  This  is 
probably  the  cafe  in  a  fquint,  where  the  axes  of 
the -eyes  converge  fo,  as  to  meet  about  fix  inches 
before  the  nofe. 

11.  In  the  laft  place  we  fhould  inquire,  whe- 
ther the  perfon  has  any  diftinct  vinon  at  all 
with  the  diverging  eye,  at  the  time  he  is  looking 
at  an  object  with  the  other ;  for  though  the 
perfon  may  be  able  to  read  with  the  diverging 
eye,  when  the  other  is  covered,  yet  when  both 
are  open  it  may  have  no  diftinct  viiion. 

The  foregoing  inquiries  are  much  eafier  in 
theory  than  practice,  and  for  enfuring  fuccefs, 
fome  qualifications  of  mind  are  necefiary  in  the 
patient,  which  are  not  always  to  be  met  with; 
but  a  due  attention  to  them,  where  there  is 
opportunity,  will  foon  furnifh  us  with  more  im- 
portant fads  than  we  are  at  prefent  acquainted 
with  :  by  thefe  facts  vain  theory  will  be  exploded, 
and  our  knowledge  of  the  laws  of  nature,  with 
regard  to  the  nobleft  of  our  fenfes,  enlarged. 


Of 
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Of  the  Method  of  Cure. 

We  fuppofe  the  preceding  inquiries  to  have 
been  made,  previous  to  any  attempts  towards  a 
cure;  if,  in  confequence  of  thefe,  we  find  that 
the  cure  will  not  be  prejudicial  to  the  patient's 
fight,  we  may  proceed  to  try  any  of  the  follow- 
ing methods:  the  firft  is  that  propofed  by  Dr. 
Jurin.  "  When  the  patient  is  of  an  age  capable 
of  attending  to  the  following  directions,  place 
him  di redly  before  you,  and  let  him  clofe  the 
undiftorted  eye,  and  look  at  you  with  the  other; 
when  you  find  the  axis  of  this  eye  fixed  directly 
upon  you,  bid  him  endeavour  to  keep  it  in  that 
iituation,  and  open  his  other  eye;  you  will  now 
perceive  the  distorted  eye  turn  away  from  you 
towards  the  nofe,  and  the  axis  of  the  other  eye 
will  be  pointed  towards  you.  By  patience  and 
repeated  trials,  he  will  be  able  to  keep  his  dis- 
torted eye  fixed  upon  you,  at  leaft  lor  a  little 
time  after  the  other  is  opened,  and  when  you 
have  brought  him  to  keep  the  axes  of  both 
eyes  fixed  upon  you,  while  you  ftand  directly 
before  him,  it  will  be  time  to  change  his  pofture, 
and  to  place  him  a  little  on  one  fide  of  you, 
and  then  on  the  other,  continuing  the  fame  prac- 
tice ;  when  he  can  in  all  Situations  perfectly  and 

readily 
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readily  turn  the  axes  of  both  eyes  towards  you, 
the  cure  is  effected ;  this  will  be  forwarded  by 
his  frequently  practifing  before  a  mirror,  and  by 
having  a  friend  always  at  hand,  to  obferve  and 
admonifh  him  when  he  fquints." 

Meffrs.  Buffon,  Reid,  and  Darwin,  concur  in 
recommending  the  patient  to  cover  the  good 
eye,,  as  the  moft  effectual  and  natural  method  of 
cure,  as  by  frequent  ufe,  the  fight  of  the  weak  eye 
is  ltrengthened,  and  acquires  a  habit  of  turning 
to  the  objects  which  the  patient  wifhes  to  fee ;  and 
the  better  eye  by  lofing  fomething  in  this  refpect 
facilitates  greatly  the  cure;  the  inequalities  in 
the  eyes  mould,  however,  be  firft  well  afcer- 
tained,  becaufe  this  method  will  not  fucceed  if 
there  is  too  great  a  difference.    M.  Buffon  fays, 
that  if  the  eye  that  fquints  be  turned  towards 
the  temples,  there  is  feldom  any  great  inequality 
between  them,  and  that  in  this  cafe,  the  diforder 
arifing  only  from  a  vicious  habit,  he  has  known 
the  cure  to  be  completed,  by  covering  the  good 
eye  for  a  fortnight  only:  it  is  neceffary  to  cover 
the  good  eye  for  fome  time,  in  order  to  exercife 
and  ftrengthen  the  bad  eye,  that  a  proper  judg- 
ment may  be  formed  of  the  poflibility  of  the 
cure. 
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In  the  68th  vol.  of  the  Philofophical  Trans- 
actions, Dr.  Darwin  has  given  an  account,  of 
which  the  following  is  an  extract,  of  a  very 
curious  and  confirmed  cafe  of  fquinting,  and 
of  the  method  he  ufed  for  curing  it. 

The  patient  was  a  boy  five  years  old,  who 
viewed  every  object  that  was  prefented  to  him, 
with  but  one  eve  at  a  time. 

If  the  object  was  prefented  on  the  right  fidey 
he  viewed  it  with  his  left  eye;  if  it  was  pre- 
fented on  the  left,  he  viewed  it  with  the  right 
eye. 

He  turned  the  pupil  of  that  eye  which  was 
on  the  fame  fide  with  the  object,  in  fuch  a  direc- 
tion, that  the  image  of  the  object  might  fall 
upon  that  part  of  the  bottom  of  the  eye,  where 
the  optic  nerve  enters  it. 

When  an  object  was  held  directly  before  him, 
he  turned  his  head  a  little  on  one  fide,  and  ob- 
ferved  it  but  with  one  eye,  namely,  that  mod 
diftant  from  the  object,  and  when  he  became 
tired  of  obferving  it  with  that  eye,  he  turned  his 
head  the  contrary  way,  and  obferved  it  with 
equal  facility  with   the  other  eye,  but  never 

turned 
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turned  the  axes  of  both  eyes  towards  it  at  the 
fame  time. 

He  faw  letters  which  were  written  on  bits 
of  paper,  fo  as  to  name  them  with  equal  eafe, 
and  at  equal  diftances,  with  one  eye  as  the 
other. 

There  was  no  perceptible  difference  in  the 
diameter  of  the  pupils,  or  their  degree  of  con- 
tractability,  after  having  covered  his  eyes  from 
the  light. 

The  foregoing  obfervations  were  carefully 
made,  by  writing  lingle  letters  on  fhreds  of 
paper,  and  laying  wagers  with  the  child,  that 
he  could  not  read  them  when  they  were  pre- 
fented  at  certain  diftances,  and  in  certain  direc- 
tions. 

As  from  thefe  circumftances  it  appeared  that 
there  was  no  defect  in  either  eye,  and  that  the 
difeafe  was  limply  a  depraved  habit,  there  was 
great  room  for  hopes  of  fuccefs  in  the  cure. 

For  this  purpofe  a  proper  gnomon  was  made 
and  fixed  to  a  cap,  and  when  this  artificial  nofe 
was  placed  over  the  real  one,  fo  as  to  project 
between  his  eyes,  the  child  rather  than  turn  his 
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head  to  look  at  oblique  objects,  began  to  view 
them  with  that  eye  which  was  next  to  them; 
the  father  of  the  child  dying,  the  cure  was  neglect- 
ed for  fix  years,  and  though  the  habit  was  fo 
confirmed  as  to  leave  little  room  for  a  cure,  the 
fame  phyfician  being  called,  he  again  attempted 
to  remove  the  deformity  by  a  fimilar  con- 
trivance. 

A  gnomon  of  thin  brafs  was  made  to  (land 
over  his  nofe,  with  a  half  circle  of  the  fame 
metal  to  go  round  his  temples;  they  were  covered 
with  black  filk,  and  fixed  by  means  of  a  buckle 
behind  his  head,  and  a  crofs  piece  over  the 
crown  of  the  head;  this  gnomon  was  worn  with- 
out inconvenience,  and  projected  before  the  nofe 
about  two  inches  and  a  half.  By  the  ufe  of  this 
he  foon  found  it  lefs  inconvenient,  to  view  all 
oblique  objects  with  the  eye  next  them,  inftead 
of  the  eye  oppofite  to  them. 

After  this  habit  was  weakened  by  a  week's  ufe 
of  the  gnomon,  two  bits  of  wood,  about  the 
iize  of  a  goofe  quill,  were  blacked,  all  but  a 
quarter  of  an  inch  at  their  fummit.  Thefe  were 
frequently  prefented  to  him  to  look  at,  one  being 
held  on  one  fide  of  the  extremity  of  his  black 
gnomon,  and  the  other  on  the  other  fide  of  it. 

As 
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As  he  viewed  thefe,  they  were  gradually  brought 
forward  beyond  the  gnomon,  and  then  one 
was  concealed  behind  the  other;  by  thefe  means, 
in  another  week  he  could  bend  both  his  eyes  on 
the  fame  object,  for  half  a  minute  together,  and 
by  continuing  the  ufe  of  the  fame  apparatus,  he 
was  in  a  fair  way  of  recovery,  when  the  paper 
was  written  for  the  tranfaction. 
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Optical  InftrumentSi 


HE  beft  double-jointed  filver  fpectacles,  with 
glaffes 


£ .  s.  d. 


    1     1  o 

The  beft  ditto,  with  Brazil  pebbles    1  16  o 

Single  joint  filver  fpe&acles,  with  glaftes       —  o  15  o 

Ditto,  with  Brazil  pebbles          —    1100 

Double-joint  fteel  ditto,  with  glaffes    076 

Beft  fingle-joint  fpectacles    o    g  o 

Ditto,  inferior  frames,  from  2s.  6d.  to    036 

Nofe  fpeftacles,  mounted  in  filver           .   076 

Ditto  in  tortoifefhell  and  filver    046 

Ditto  in  horn  and  fteel                ■    010 

Spectacles  for  couched  eyes 

Spectacle 
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Spectacles  with  fhades 

Concave  glaflfcs  in  horn  boxes,  for  fhort-fighred  eyes  o    i  6 
Ditto,  mounted  in  tortoifefhell  and  filvcr,  pearl  and 
filyer,  in  various  manners,  and  at  different  prices 

Reading  glades,  from  2s.  6d  to    220 

Opera  glalfes,  from  i os.  6d.  to    220 

Ditto  on  an  improved  conflruclionj  ll.  7s.  and         111  6 

Ditto  to  be  ufed  at  fca  by  night    111  6 

Diagonal  operas  of  a  new  conftruftion         —  110 
Telefcopes  of  various  lengths,  hzes,  and  prices 
Acromatic  telefcopes,  portable  and  convenient  for 
the  pocket,  the  Hiding  tubes  are  of  brafs,  and 
therefore  not  fubject  to  the  inconveniences  of 
thofe  that  are  made  with  vellum  drawers,  from  • 

ll.  11s.  6d.  to  .    .   880 

Telefcopes  to  be  ufed  at  fea  by  night 

Acromatic  perfpective  glaffes  for  the  pocket,  from 

10s.  6d.  to     212  fi 

A  portable  acromatic  telefcope  and  microfcope, 

from  3I.  13s.  6d.  to      4146 

A  thirty-inch  acromatic  telefcope,  with  different 
eye-pieces  for  terreftrial  and  celeftial  objects ; 
this  is  one  of  the  moft  pleafant  telefcapes  that  is 
made  for  general  purpofes,  from  81.  8s.  to  11110 
An  acromatic  telefcope,  about  three  feet  and  an  half 

long,  with  different  eye-pieces        .    18  18  o 

A  three-feet  reflecting  telefcope,  with  four  magni- 
fying powers,  with  rack  work    36  15  o 

A  ditto,  two  feet  long,  with  ditto    21    o  o 

A  two-feet  reflecting  telefcope,  with  two  powers    12  12  o 

An  eighteen-inch  ditto     >       8    8  6 

A  twelve-inch  ditto      5    5  o 

Adams's  lucernal  microscope,  for  opake  and  - 
tranfparent  objects  ;  it  does  not  fatigue  the  eye, 
is  in  all  cafes  a  proper  fubftitute  for  the  folar 
microfcope,  and  on  many  occafions  fupcrior  to 

it     

A  fmall  double-reflecting  microfcope 
A  larger  ditto 


An  improved  univerfal  double  microfcope 
Ditto  fitted  up  in  a  different  form,  from  81.  8s.  to 

Ellis's  aquatic  microfcope  —   

Ditto  with  an  adjufting  fcrew   

Withcring's  and  other  botanical  microfcopes,  from 
10s.  6d.  to     
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Small  pocket  microfcopes,  from  6s.  to 

Solar  microfcopes  ,    — 

Ditto 


£• 

S. 

3 

1  o 

*3 

5 

5 

o 

6 

6 

o 

21 

o 

o 

Solar  microfcopes  for  opake  and  tranfparent  objetts, 
from  1 61-  16s.  to     

A  microfcope  and  lanthorn  to  imitate  the  folar 
microfcope 

Curious  colle&ions  of  objefts  for  the  microfcope, 

either  opake  or  tranfparent 
Colle&ion  of   falts,  properly  prepared   for  the 

microfcope 

Magnifying  glaffes  for  botanical,  anatomical,  and 

other  purpofes,  from  2s.  to    l  n/  6 

Small  magic  lanthorns,  with  twelve  fmall  glafs 

Aiders,  from  ios.  6d.  to    l    j  o 

Ditto  with  the  Aiders  better  painted 

Large  magic  lanthorns,  from  ll.  5s.  to  —         1   it  6 

Optical  machines  for  viewing  perlpe&ive  prints, 

from  18s.  to    ■   1  16  o 

Scioptric  balls     •  o  10  6 

Small  camera  obfeuras,  from  10s.  6d.  to  —  3  3  o 
Book  and  pyramidical  camera  obfeuras,  from 

3I.  ,3s.  to   ■  —  — — ■   7    7  0 

An  artificial  eye  for  illuftrating  the  principles  of 

vifion 

Prifms,  mounted  in  various  manners 

Concave  and  convex  mirrors,  from  7s.  6d.  to  18  18  o 
Cylindrical  ditto,  from  ll.  is.  to    13  13  0 


Geographical  and  Agronomical  Initruments. 


PRICES    OF  GLOBES. 

28  inches  diameter,  mounted   in  the  common 

manner      35    o  p 

28        ditto       mounted  in  mahogany  frames         50    o  o 
28        ditto        frames  carved  and  ornamented 
18       ditto        mounted  in  the  common  manner  660 
18       ditto       mounted  in  the  common  manner 

in  mahogany  frames    880 

18       ditto       mounted  in  the  beft  manner,  in 

fiiained  frames      10  10  o 

18       ditto       mounted  in  the  be  A:  manner,  in 

mahogany  frames     :  1212  o 

18  inches 
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18  inches  diameter,  mounted  in  the  bed  manner, 

in  carved  frames     16  16  o 

16  ditto  mounted  in  the  common  manner  660 
12  ditto  mounted  in  the  common  manner  330 
12       ditto       mounted  in  the  common  manner, 

in  mahogany  frames   •    4    4  0 

12       ditto       mounted  in  the  beft  manner,  in 

ftained  frames      515  6 

12       ditto       mounted  in  the  beft  manner,  in 

mahogany  frames      770 

cj  ditto  mounted  in  the  common  manner  220 
o.  ditto  mounted  in  the  beft  manner  440 
6        ditto       mounted  in  the  beft  manner  3    3  o 

3        ditto        mounted  in  the  beft  manner  111  6 

g       ditto       for  the  pocket   1 —        o  10  6 

An  armillary  dialling  fphere    40    o  o 

An  armillary  fphere,  fhewing  at  one  view  the  real 

and  apparent  motion  of  the  heavens  —  31  10  o 
An  armillary  fphere,  with  a  planetarium  within  it     31  10  o 

Plain  armillary  fpheres,  from  5I.  5s.  to    26    o  O 

A  manual  planetarium  and  tellurian    3  13  6 

A  new  inftrument  for  illuftrating  the  phenomena 

of  the  feafons      4  4°  0 

A  ditto  for  illuftrating  the  phafes  of  the  moon, 

and  the  caufes  of  eclipfes  —    4100 

A  manual  planetarium  — -    220 

(The  three  laft-mentioned  inUruments  are  thole 
reprefented  in  plates  V.  XV.  and  XVI.  of 
my  aftronomical  e flays) 
A  planetarium  with  wheel- work,  by  which  the 
order  and  motion  of  the  planets,  their  fituation 
with  refpeft  to  the  earth  at  different  times,  and 
the  reafon  of  their  appearing  to  be  fometimes 
ftationary,  and  to  move  at  other  times  in  contrary 
direaions  are  rendered  obvious  to  the  eye  717  6 

A.  tellurian  and  lunarium  for  illuftrating  the  phe- 
nomena .of  the  earth  and  moon,  and  forming 
a  proper  companion  for  the  former 
(The  tellurian  and  lunanum  may  be  combined- 
together,  or  feparate) 
A  correct  and  elegant  planetarium,  lunanum,  and 

tellurian,  (fee  plate  XIX.  ofjny  aftronomical  ^  ^  ^ 

Ditto  with  the  diurnal  motion  to  the  earth  24  0^0 
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The  mod  complete  planetarium,  tellurian,  and 
lunarium, 

plates  XVII.  and  XVIII.      —       36    15  o 
Orreries,  from  1 81.  18s.  to       —  —        1000      o  o 

A  fmall  quadrant,  with  an  horizontal  and  vertical 
motion,  for  the  inftruftion  and  amufement  of 
young  people  —  .  o    16  o 

A  ditto  framed  in  brafs,  more  accurately  made  and 

graduated        —  —  —  2    12  6 

A  fmall  equatorial,  being  at  once  an  accurate  uni- 
verfal  dial,  and  a  portable  obfervatory  ;  with  it 
a  great  number  of  curious  and  interefting  pro- 
blems may  be  folved,  and  any  perfon  foon  ren- 
dered  mafter   of    the  elements  of  practical 

aftronomy   ■    8    18  6 

Ditto  on  a  large  fcale,  with  a  telefcope,  and  more 

adjuftments      26      5  o 

Complete  equatorial  inftruments,  from  50  gs.  to    500      o  o 
Tranfit  inftruments,  aftronomical  quadrants,  cir- 
cular inftruments,  according  to  their  fizes,  the 
variety  and  accuracy  of  their  adjuftments 


Mathematical  Inftruments,   for  Geometry, 

Drawing,  Sec. 


Plain  compares  for  meafuring  lines,  from  :s.  to  o  50 
Drawing  compaffes  with  moveable  points,  from 

5s.  6d.  to       330 

Drawing  pens,  from  is.  to    .   o  50 

Bow  compaffes  for  defcribing  fmall  circles,  from 

3s.  to       .050 

Hair  compaffes  for  taking  extents  with  accuracy  o  76 
Beam  compaffes  for  defcribing  large  circles,  laying 

down  divifions,  &c. 
Triangular  compaffes  for  transferring  three  points 

at  once  from  any  plan  or  drawing,  from  18s.  to  1  10 
Proportionable  compaffes  for  diminifhing  plans  or 

drawing  in  any  afiigned  proportions  —  1  n  6 
Elliptical   compaffes   with   friftion   rollers  for 

drawing  ellipfcs      4  40 

Elliptical 
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Elliptical  compaffes  on  a  different  conftruttion, 
anfwcring  at  the  fame  time  the  purpofes  of  beam 
and  calliper  compaffes      4      4  o 

Spiral  compaffes  for  defcribing  fpirals,  anfwering 
alfo  as  beam  and  elliptical  compaffes,  from  61.  6s. 
to        11     it  o 

Parallel  rules  of  various  conftru&ions 

A  new-invented  parallel  rule,  which  for  facility  in 
application,  and  accuracy,  exceeds  any  other 
kind,  from  8s.  6d.  to      i      i  o 

Ditto  with  a  protraftor 

An  inftrument  for  drawing  lines  inclined  in  a  given 
angle  to  each  other,  though  the  angular  point  is 
at  an  immenfe  diftance,  a  rule  exceeding  ufeful 
in  perfpe&ive 

Various  inftruments  for  the  purpofe  of  dividing 
lines,  or  transferring  divifions  on  paper 

A  cyclograph,  or  an  inftrument  by  which  circles 
may  be  defcribed,  from  4  or  6  inches  radius  to 
one  as  large  as  the  orbit  of  the  Georgium  Sidus    6  60 

Plain  fcales  and  feftors  of  different  fizes 

Square  protra&ors,  femicircular  and  circular 

Pocket  cafes  of  drawing  inftruments,  from  7s.  6d.  to  5     15  6 

Magazine,  or  complete  collection  of  drawing  in- 
ftruments, at  ill.  11s.  at  17I.  17s.  and  from 
thence  to        50  00 

Perfpeftive  compaffes  for  afcertaining  the  relative 

proportion  of  objefts      o    18  o 

Dr.  Hirft's  inftrument  for  drawing  in  perfpeftive    5  50 

A  new  invented  inftrument  for  the  fame  purpofe, 
which  will  facilitate  the  operations  of  the  artift, 
and  greatly  affift  beginners 

An  inftrument  for  facilitating  drawings  from  nature, 
by  afcertaining  a  number  of  points 

Concave  lenfes  with  fquares  for  eye  drafts 

Drawing  glaffes,  or  glaffes  with  a  fight  to  afTift 
draft  f men 

Pantographers  for  copying,  reducing,  and  enlarg- 
ing drawings,  from  2I.  1 2s.  6d.  to   660 


Surveying 
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Cafes  oF  drawing  inftruments 
Parallel  rules 
Plotting  fcales 
Sets  of  plotting  fcales 

A  new- invented  parallel  rule,  with  plotting  fcales 
A  parallel  rule  and  protracior 
A  plotting  fcale  in  form  of  a  beam  compafs 
Pronators  for  laying  down  angles 

Ditto  with  a  nonius  and  moveable  limb    2  12  6 

Ditto  rendered  more  accurate,  as  the  limb  is  made 

to  move  with  a  tooth  and  pinion    4  14  6 

Mealuring  wheels      616  6 

Pedometers  for  meafuring  a  given  diftance  in  walking 
Mealuring  chains  of  50  and  100  feet 

Gunter's  chain       —     076 

Tape  boxes,  according  to  the  length 

Surveying  crofs  or  fquare     1  11  6 

Plain  tables,  with  an  index  and  fights  ;  by  thefe  the 
plan  is  taken  on  the  fpot,  and  does  not  require  a 
future  protraction  3  13  6 

Beighton's  improved  plain  table,  with  an  index  of 
a  peculiar  make;  in  this  inftrument  the  line  of 
fight  is  always  over  the  center  of  the  table,  the 
ftation  lines  are  alfo  drawn  parallel  to  thofe 
meafured  on  the  ground   14  14  o 

Theodolites,  or  inftruments  for  meafuring  angles, 
diftances.  &c.  are  made  in  various  ways,  fome 
being  more  ample  and  portable,  others  more  ac- 
curate, and  with  a  greater  number  of  adjultments 

Theodolites,  with  plain  fights,  and  a  compafs  box, 

from  5I,  5s.  to  —    5  15  6 

A  fmall  theodolite,  with  telefcopic  fights  and  vert;U 

cal  arch      9    9  O 

A  larser  ditto,  in  which  the  limb  of  the  theodolite  is 
made  to  ferve  occafionally  the  purpole  of  a  pro- 
tractor     14  1 4  o 

A  ditto  of  the  fame  fize,  on  a  different  con  ft  ruction, 
the  vertical  arch  being  affixed  to  a  long  axis;  the 
limb  does  not  ferve  for  a  protractor         —         14  14  O 

A  large  ditto,  like  the  preceding,  only  moving  with 

rack-work      21  00 

L  Thq 
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The  lateft  improved  theodolite,  with  double  tele- 
fcope,  and  every  requifite  adjuftment 

Circumferenters,  the  principal  inftrument  ufed  in 

America,  from  2I.  2s.  to  —   414  6 

An  improved  circumferenter,  fo  contrived,  that 
the  operator  need  not  reft  the  truth  of  his  work 
entirely  on  the  needle ;  it  may  be  alfo  ufed  to 
take  altitudes 

Air  or  fpirit  levels  with  telefcopic  fights,  from 

4I.  14s.  6d.  to      12  12  o 

Air  or  fpirit  levels  with  plain  fights    j   u  6 

Station  ftaves  with  Aiding  vanes  for  levelling  1  16  o 

A  fmall  furveying  compafs,  with  fights,  a  nonius 

divi (ion,  and  three-legged  ftaff   4  14  6 

A  fmall  furveying  compafs  and  fingle  flick     —  220 
(The  two  foregoing  inftruments  are  portable  and 
light,  and  may  be  put  with  eafe  in  the  pocket) 

Miners  compaffes,  ufed  for  carrying  on  works 

under-ground,  from  10s.  6d.  to         ■   110 

Ditto  with  a  fmall  telefcope  fixed  to  one  fide  111  6 

Optical  fquare,  a  fmall  inftrument  for  furveying  by 
right  angles;  it  requires  no  ftaff,  and  may  be 
eafily  corrected  or  adjufted  ■   1  16  o 

An  optical  inftrument  for  determining  with  ac- 
curacy when  objefts  are  in  a  ftrait  line      —  170 


Military  Inftruments. 

Gunners  levels  or  perpendiculars 
Gunners  callipers 
Beam  callipers 
Shot  guages 
Shell  ditto 

Gunners  quadrants  with  a  plummet 

Ditto  with  a  level 

Ditto  with  an  adjufting  fcrew 

Ditto  and  perpendicular  combined  together 

General  Williamfon's  inftruments  for  howitzers, 
mortars,  &c. 

Surveying  compaffes,  furveying  croffes,  cafes  of  in- 
ftruments, telefcopes,  plain  tables,  theodolites, 
&c. 

A  complete  apparatus  for  an  officer,  in  a  box  21  00 

Inftruments 
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Cafes  of  inftruments,  and  telefcopes  of  different 
kinds,  fizes,  and  prices 

Night  telefcopes,  from  \\.  11s.  6d.  to    220 

Opera  glafs  for  the  fame  purpofe    1  n  6 

A  telefcope  with  an  eye-glafs  micrometer,  for  de- 
termining the  diftance  of  a  fhip  at  lea 
Hadley's  quadrants  in  mahogany  frames        —  220 

Ditto  in  black  ebony  frames    3  3° 

Hadley's  lextant  in  wood      6  16  6 

Ditto  in  brafs,  on  the  moft  improved  plan,  from 

nl.  11s.  to      15  15  O 

Knight's  fteering  compafs  with  improvements  2  1  2  b 

Knight's  azimuth  ditto    5  15  6 

Ditto  on  friftion  wheels    10  10  o 

Marine  barometers ;  by  thefe  ftorms  have  been 

foretold  at  fea  fome  hours  before  they  happened 
Circular  inltruments,  to  anfwer  the  purpofe  of  the 

fextaht      13  13  o 

Dipping  needles,  from  1 2I.  1 2s.  to    31  10 


Inftruments  for  Electricity. 

A  fmall  electrical  machine,  with  a  feleft  apparatus  880 

An  eleftrical  machine,  with  a  felecl;  apparatus  in  a 
box ;  the  machine  is  mounted  in  a  plain  but 
ftrong  manner,  and  fo  as  to  aft  with  power;  the 
apparatus  is  the  moft  convenient  and  fimple 
hitherto  contrived  for  medico-eleftrical  purpofes   6  16  6 

Ditto  with  an  additional  apparatus  lately  contrived 

for  more  eafily  giving  partial  fhocks  7  17  6 

Improved  eleftrical  machines,  from  3I.  13s.  6d.  to  40    o  o 

Ele6trical  batteries,  from  2I.  12s.  6d.  to 

Eleftrical  jars  of  different  fizes 

Ditto  with  an  eleftrometer  affixed  to  them  0180 
Medical  bottles,  with  a  tube  for-  qualifying  the  . 

fhoclc        076 

Ditto  mounted  with  a  difcharging  rod,  and  an 
eleftrometer,  on  an  improved  plan,  for  giving 
the  clcftric  fhock     .        1.1  o 

L  2  Direftors 
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Directors  with  glafs  handles  for  medical  purpnfcs       o  10  6 

Jointed  difchargers  with  glafs  handles    o  10  6 

Plain  difcharging  rods         .     030 

An  univerfal  dilcharger  and  prefs    1  u  6 

Kinnei  fly's  electrical  thermometer    1     1  o 

Quadrant  ele£hometer      010  6 

Cavallo's  atmotpheric  electrometer,  from  15s.  to  110 

Ditto  with  additions,  by  De  Sauffure    1  11  6 

Bennet's  gold  leaf  electrometer    o  18  o 

An  apparatus  for  making  Canton's  and  Wilfon's 

experiments  on  electric  attraction,  &c. 
Compound  apparatus,  fig.  49,  plate  I II.  of  my  effays 
on  electricity;  by  this  apparatus  a  great  number 
of  neat  and  fatisfactory  experiments  may  be  per- 
formed   .   3    3  0 

Ditto  without  the  exhaufted  flafk  and  conductor       111  6 

Ley  den  vacuum      010  6 

Luminous  conductors      110 

Spiral  tubes,  from  4s.  6d.  to      o  10  6 

Coloured  fpirab      090 

Sets  of  fpirals,  fee  plate  V.  fig.  98,  of  my  effays  on 

electricity   .   1  11  6 

Luminous  words,  from  10s.  6d.  to       ■  111  6 

Spotted  bottle        09  0 

Belted  bottle,  plate  III.  fig.  46    *  110 

Double  bottle,  a  pleafing  and  ufeful  part  of  an 
electrical  apparatus,  to  gain  a  clear  idea  of  the 

Franklinian  theory  —    o  18  o 

Plates  and  ftand  for  dancing  images,  pith  images, 

and  pith  balls 
An  artificial  fpider 
A  fmall  head  with  hair 

An  electrical  piftol  for  inflammable  air  076 

Ditto  mounted  in  fets  as  a  battery 
An  electrical  cannon  for  gunpowder 

A  thunder  houfe      066 

Ditto  with  a  drawer   086 

A  powder  houfe,  fig.  89,  plate  V.  —   o  16  o 

A  pyramid,  fig.  90,  plate  V.    —      o  15  o 

Nicholfon's  revolving  doubler    3  3° 

A  bone  ball  and  a  ball  of  box  wood  fitted  on  brafs 
wires 

Electric  flyer  and  points 

A  plain  fet  of  bells,  fig.  17,  plate  II.  090 
Five  bells  mounted  on  a  Hand,  fig.  18,  plate  II.  O  18  o 
A  fet  of  mulical  bells,  fig.  19,  plate  II.        —  170 

Magic 
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Magic  picture     •  o  10  6 

Electric  ftools,  from  8s.  6d.  to   

An  elcctrophorus,  from  10s.  6d.  to   

Apparatus  for  Experiments  on  Magnetifm. 

An  apparatus  for  explaining  the  principal  phie- 

nomena  of  magnetifm,  from  3I.  3s.  to  15  15  o 

Magnets 

Small  compound  magnets 
Horfefhoe  maoncts 

Compound  ditto,  from  15s.  to    21  00 

Dipping  needles  from  1 2I.  12s,  to    31  10  o 

Variation  compalfes,  from  2I.  ii:s.  6d.  to  2100 

Instruments  for  Experiments  on  -  Pneumatics. 

A  fmall  fingle-barrel  air-pump   •  212  6 

A  fmall  double-barrel  ditto  •   4  s  4  6 

A  larger  ditto     616  6 

A  table  air-pump   .  10  10  o 

The  American  double-barrelled  air-pump,  the 
latcft  improvement  on  this  infhrument,  in 
which  the  air  receives  no  impediment  from  the 
aftion  of  valves  or  cocks,  exceeding  Smeaton's 
in  accuracy  and  fimplicity,  and  far  fuperior  in 
both  refpefts  to  feveral  later  contrivances 
A  condenfing  engine  ;  this  may  be,  if  delired,  com- 
bined with  the  former,  but  the  rational  and 
practical  experimental! fr.  will  find  many  advan- 
tages in  having  them  detached  from  one  another 


Apparatus  for  an  Air-Pump. 

The  magdeburg  hemifphcres,  from  12s.  to  1  11  6 
A  flat  plate  and  collar  of  leathers  for  placing  on 

open  receivers      o  15  6 

Guinea  and  feather  apparatus,   for  experiments 

on  the  refinance  of  the  air,  from  18s.  to       —  1  it  6 

A  fet  of  mills  for  ditto     ,  1  11  6 

A  ditto  on  a  better  conflruclion          .  1  440 

Bell 
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Bell  apparatus,  for  fhewing  that  a  vacuum  docs  not 

communicate  found      o    5  6 

Ditto  on  a  better  conftru&ion 

Ditto  with  wheel-work,  by  which  the  bell  may  be 

put  in  motion  or  flopped  at  pleafure    3  13  6 

A  new  apparatus  for  ft.rik.ing  flint  and  fteel  in  vacuo 

An  apparatus  for  firing  gunpowder  in  vacuo 

A  copper  bottle,  beam  and  ftand,  for  weighing  of  air  216  o 

A  box  bladder  and  lead  weights,  to  fhew  the  claftic 

power  of  the  air      o  15  6 

Ditto  on  an  improved  plan   ■  018  o 

A  model  of  a  pump,  illuftrating  at  the  fame  time 
the  nature  of  pumps,  and  proving  that  there  is 
no  fuch  thing  as  fuftion    150 

A  fmall  receiver  and  plate,  which  clearly  evinces 
that  receivers  are  kept  on  the  pump  by  preffure, 
not  fudlion      o  12  o 

A  filtering  Cup      o    5  6 

A  plate  and  piece  of  wood   046 

(The  two  laft  articles  are  for  fhewing  the  porofity 
of  vegetables) 

The  torricellian  experiment 

Fountain  in  vacuo   ■  ■  056 

Ditto  on  a  different  conftruftion    o  18  o 

Lungs  glafs      056 

Ditto  on  a  different  conftruflion 

A  fingle  transferer  plate  and  pipe  for  a  fountain  o  15  6 
A  double  transferer,  for  communicating  a  vacuum 

from  one  receiver  to  another    3    3  0 

A  burnt  air-pipe,  for  experiments  on  infected  air  0180 
An  apparatus  to  illuftrate  the  lateral  preffure  of  the 

air 

Breaking  fquare  and  cage 

A  fmall  bladder  and  lead  weight 

A  fmall  ballance  beam  and  ftand    076 

Ditto  on  an  improved  conftruction 
Receivers  of  different  fizes 

Meteorological  Inft rumen ts. 

A  plain  portable  barometer   220 

Ditto  with  a  thermometer    3    3  ° 

A  plain  barometer,  covered  Frame  and  glafs  door      212  o 

Ditto  with  a  thermometer    3  J3 

A  barometer  with  a  long  cylindric  thermometer  4    4  0 

A  ditto  with  ditto,  and  De  Luc's  hygrometer  7  7  0 
4                                                                 A  barometer 
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A  barometer  and  thermometer,  with  a  guage,  the 

indexes  moving  by  rack-work  .   5  15  6 

A  barometer  for  meafuring  the  altitude  of  moun- 
tains, &c. 

Marine  barometers 

Diagonal,  wheel,  and  ftatical  barometers 

Fahrenheit's  thermometers,  from  ll.  is.  to  2  12  6 

Ditto  lor  botanic  purpofes    o  18  o 

Ditto  for  the  brewery      110 

De  Luc's  hygrometer ;  by  which  comparative  obfer- 
vations  may  be  made  on  the  drynefsand  moillure 

of  trie  air.  from  3I.  3s.  to    7    7  o 

Rain  guages 

Dr.  LinU's  wind  guage 

Hvgrometers  with  the  beard  of  the  wild  oat  0106 
Fontana's  eudiometer  for  afcertaining  the  purity 

of  the  air      250 

Inflruments  for  illuftrating   the  Mechanic 
Powers,  the  Laws  of  Motion,  &c. 

A  concife  apparatus  for  illuftrating  the  nature  of 
the  ballance,  the  pulley,  the  different  kinds  of 
levers,  the  inclined  plane,  the  wheel  and  axle, 
the  fcrew,  a  compound  engine,  and  a  compound 
lever  ;  alfo,  a  double  cone  to  move  up  an  in- 
clined plane,  and  other  pieces  to  fhew  the  pro- 
perties of  the  center  of  gravity,  from  21 1.  to        26    5  o 

A  ditto  on  a  more  enlarged  fcalc    01  10  a 

Atwood's  apparatus  for  demonftrating  with  accu- 
racy the  laws  of  accelerated  and  retarded  motion. 
It  is  one  of  the  moft  pleafing  and  fcientific  inflru- 
ments in  mechanics,  as  well  from  the  variety  of 
experiments  that  may  be  made  with  it,  as  the 
accuracy  with  which  they  are  performed  26    5  o 

A  machine  for  illuftrating  the'  theory  of  central 
forces  ;  in  this  machine  the  times  are  marked  by 
found,  the  fpaces  are  fhewn  by  an  index,'  the 
errors  arifingfrom  friftion  are  fo  far  leffened  as 
to  be  fcarcely  (enable   10  © 

Pullies  of  various  combinations  and  conftruftions 

A  fmall  carriage,  inclined  plane,  wheels  of  differ- 
ent fizes,  &c.  for  experiments  on  wheel  carriages- 

Rpberyal's  paradoxical  ballance 

Cycloida} 
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Cycloidal  lever,  fee  Emerfon's  Mechanics,  prop. 

20,  25. 
Compound  fteelyard 

An  apparatus  for  experiments  on  collifion 

Ditto  for  illuftrating  the  compoiition  and  refolution 

of  mo.tion 
Pyrometers  on  various  conftru&ions 

With  many  other  articles  and  models  for  expe- 
riments on  friclion,  pendulums,  &c.  too 
numerous  to  be  comprized  in  a  fmall  catalogue 


Inftruments  for  Experiments  in  Hydroftatics 
and  Hydraulics. 

Hydroftatic  ballances,  from  2I.  2s.  to  —  10100 
Nicholfon's  improved  hydrometers,  for  afcertaining 

the  fpecific  gravity  of  bodies 
Ditto  for  examining  of  coin 

A  concife  appaiatus  for  experiments  on  hydroftatics  2110  o 
An  apparatus  for  fhewing  that  fluids  have  weight 
Ditto  for  Ihewing  that  the  particles  of  fluids  exer- 

cife  their  preflure  independently  one  of  the  other 
Ditto  to  fhew  that  fluids  prels  in  every  direction 
Ditto  to  demonftrate  the  lateral  preflure  of  fluids 
Ditto  to  fhew  that,  aeteris  paribus,  the  preflure  of  fluids  is  as 

their  perpendicular  height 
The  hydroflatic  paradox 
The  hydroflatic  bellows 

Appai  atus  for  illuftrating  the  laws  of  preflure  and  equilibrium 

beLween  heterogeneous  fluids 
Ditto  for  illuftrating  the  aftion  of  fluids  upon  bodies  im- 

merfed  in  them 
An  apparatus  for  experiments  on  fpouling  fluids 
Hydrometers  for  proving  (pints,  from  ll.  1  is.  6d.  to   4  14  6 
An  apparatus  for  making  experiments  on  capillary  tubes 
The  model  of  the  diving  bell 
A  glafs  model  of  the  lifting  pump 
A  ditto  of  the  lifting  and  forcing  pump 
Hiero's  fountain  in  copper  japanned 
Ditto  double 
Fountain  of  command 

A  japanned  copper  fountain  to  aft  by  con  den  fed  air  with  a 

variety  of  jets 
Apparatus  for  experiments  on  fyphons, 

5 


